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ABSTRACT 
ASSESSING AND MAPPING VULNERABILITY AND RISK PERCEPTIONS TO 
GROUNDWATER ARSENIC CONTAMINATION: TOWARDS DEVELOPING 
SUSTAINABLE ARSENIC MITIGATION MODELS  
by Sushant Kumar Singh 
This study focuses on the arsenic-affected rural communities in Bihar located 
within the mid-Gangetic Plain in India. A random stratified sampling method is 
applied to survey 340 households in three villages (Suarmarwa, Rampur Diara, and 
Bhawani Tola), through a structured questionnaire. A reliable arsenic field testing kit 
is used to analyze the drinking water sources in the field, followed by a confirmatory 
test of a subset of water samples through Atomic Absorption Spectrophotometry. The 
study has two major goals: 1) Develop sustainable arsenic-mitigation models; and 2) 
Create a “composite vulnerability index,” and present the information as a map for 
use in targeting of areas for intervention and policy-making. 
Arsenic levels exceeding the World Health Organization and the Bureau of 
Indian Standards (max=300µg/L) were observed in all three villages. The hazard 
quotient and cancer risks for children in all three villages were high and very high, 
respectively. Arsenic treatment units and piped water supply systems were the most 
preferred sustainable arsenic-mitigation options in the surveyed villages, followed by 
deep tube wells, dug-wells, and rainwater harvesting systems. Arsenic awareness, 
willingness to pay for arsenic-free water, trust in agencies, trust in institution, and 
social capital were found to be the most significant factors for decision-making to 
prefer one arsenic-mitigation technology to others.  
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The surveyed respondents perceive health and economic risks more so than 
social discrimination risks with regard to arsenic-contaminated groundwater, and were 
more willing to adopt arsenic-mitigation technologies. The strongest predictors of 
health-risk perception were caste, education, agricultural-landholdings, housing 
status, and social capital. Predictors of economic-risk perception were caste, 
education, income, sanitation practices, people’s prioritization of socio-environmental 
problems, arsenic awareness, social capital, institutional trust, and social trust. 
Predictors of social discrimination risk were agricultural landholdings, people’s 
prioritization of social problems, arsenic awareness, institutional trust, and social 
capital.  
Katihar in Bihar, with the least adaptive capacity and high vulnerability to 
arsenic contamination, should be prioritized in arsenic-mitigation policies. With a 
high level of adaptive capacity in Bhojpur district, the likelihood of success of 
arsenic-mitigation technology is the highest. A program utilizing expensive arsenic-
mitigation technologies will not work in the Vaishali, Samastipur, Khagaria, and 
Purnia districts. 
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DEFINITIONS 
i. Adaptive Capacity: Adaptive capacity describes “the ability of a system to adjust 
to actual or expected climate stresses, or to cope with the consequences.” 
(McCarthy, Canziani et al. 2001, Solecki 2011). “It is considered a function of 
wealth, technology, education, information, skills, infrastructure, access to 
resources, and stability and management capabilities” (McCarthy, Canziani et al. 
2001). 
ii. Anganwadi: Anganwadi (courtyard shelter) is a government of India’s child-care 
and mother-care unit at panchayat levels, comprised of mostly female health 
workers (Anganwadi 2014). 
iii. Arsenic Treatment Unit (Filter): In this study, arsenic treatment units refer to 
arsenic filters, which are designed to treat arsenic contaminated water at household 
levels, such as Sono Filters. The cost of an arsenic filter may range between 
Rs.1000 and Rs.5000 and on average it lasts for six months and users need to either 
change the media or replace the filters (Shafiquzzaman, Azam et al. 2009). 
iv. Backward Caste: Backward Caste signifies those castes that have been categorized 
as ‘Other Backward Classes’ (OBCs) by constitutional provision (Deshpande 2010, 
Wikipedia 2013). It consists of those castes, which like the Scheduled Castes, were 
in the past subjected to exclusion. Therefore, the members remained socially and 
educationally disadvantaged or “backward,” despite having a higher position than 
the ‘Scheduled Castes’ in the local, traditional caste hierarchy. Based on the 
recommendations of the Mandal Commission, the Government of India made the 
category operational throughout the country from 1990 (GoI 1980, GoI 1980, 
Wikipedia 2013). 
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v. Caste/Jati: System of rigid layering of society associated with the Hindu religion. 
An endogamous kinship group is the self-perceived “caste” of the individual Hindu, 
or has been at least until relatively recent times (Olcott 1944). 
vi. Chronic Hazards: Chronic hazards are “very slow onset and long-term events that 
are barely perceptible by society, such as droughts” (Cutter, Emrich et al. 2009). 
vii. Deep Tube Well: Deep tube well is a mechanized unit to extract groundwater, 
generally installed by the state agency, the Public Health and Engineering 
Department (PHED), at a depth > 50m. Installation of one unit costs approximately 
Rs.815,000 and requires expert masons to fix any problems that occur during the 
operation. It is easy to operate and lasts for approximately 10 years if maintained 
properly (CGWB and NIH 2010). 
viii. Demographic: The scientific study of the “dynamic balance of a population 
especially with regard to density and capacity for expansion or decline in a 
geographical unit” (Merriam-Webster 2013). 
ix. Dug Well: Dug well is a traditional water extraction unit in rural India, generally 
constructed by villagers and prominent citizens of the villages, and are considered 
as public property. On average, it is a cylindrical hole about 3m wide and more than 
10m deep below the ground, lined by concrete and a solid surface on the top. It 
costs approximately Rs.100,000 to construct, and minimal maintenance (to avoid 
any external contamination) is required, such as chlorination (Personal 
communication with Mr. Sunil Kumar Singh, Rampur Diara). 
x. Exposure: “Exposure is the degree of climate stress upon a particular unit of 
analysis; it may be represented as either long-term change in climate conditions, or 
xxix 
 
by changes in climate variability, including the magnitude and frequency of extreme 
events” (McCarthy, Canziani et al. 2001). 
xi. Forward Caste: People in the surveyed villages use the term ‘Forward Caste’ to 
signify those castes that do not belong to either the ‘Scheduled Caste’ or the ‘Other 
Backward Castes’ category. Though the term is not a constitutional or official 
category, it is widely used by villagers, particularly for differentiating between them 
(GoI 1980, GoI 1980, Wikipedia 2013). 
xii. Geographical Information System: According to Environmental System Research 
Institute (ESRI), “a geographic information system (GIS) integrates hardware, 
software, and data for capturing, managing, analyzing, and displaying all forms of 
geographically referenced information” (ESRI 2014). “GIS allows us to view, 
understand, question, interpret, and visualize data in many ways that reveal 
relationships, patterns, and trends in the form of maps, reports, and charts” 
(USDIBLM 2013, ESRI 2014). 
xiii. Hand Pumps: Hand pump is a mechanized unit to extract groundwater, generally 
installed by individuals at a shallow depth (<50m). One unit costs approximately 
Rs.75,000, and requires minimal maintenance. The cost may vary according to the 
depth at which the hand pumps are installed (CGWB and NIH 2010).  
xiv. Hazards: Hazards can be defined as “threats that have the potential to harm people 
and the things they value” (Cutter 2001) and places they value. Alternately, hazards 
are “threats to a system, comprised of perturbations, stress/stressors, and the 
consequences they produce” (Turner, Kasperson et al. 2003). 
xv. Index/Indices: “Index or indices are a quantitative measure that increases when the 
number of types into which a set of entities has been classified increases, and 
xxx 
 
obtains its maximum value for a given number of types when all types are 
represented by the same number of entities” (Wikipedia 2014). Alternately “…it is a 
process of measuring or ordering entities with respect to quantitative attributes or 
traits” (Cutter, Emrich et al. 2009). 
xvi. Mahila Samakhya (MS): The Mahila Samakhya program in rural Bihar is a 
women’s literacy and education empowerment program. The program is aimed at 
women from the most disadvantaged socioeconomic groups (Janssens, van de Gaag 
et al. 2004). 
xvii. Panchayati Raj Institution (PRI): Panchayat Raj is a “South Asian political 
system, mainly in India, Pakistan, and Nepal” (Kulhari 2011, Wikipedia 2013). 
‘Panchayat’ translates as “assembly (ayat) of five (panch) wise and respected elders 
chosen and accepted by the village community” (Kulhari 2011, Wikipedia 2013). 
“Traditionally, these assemblies settled disputes between individuals and villages” 
(Kulhari 2011, Wikipedia 2013). 
xviii. Perception: “Perception is the organization, identification, and interpretation 
of sensory information in order to represent and understand the environment” 
(Wikipedia 2013). 
xix. Perturbation: “A perturbation is a major spike in pressure (e.g., a tidal wave or 
hurricane) beyond the normal range of variability in which the system operates” 
(Turner, Kasperson et al. 2003). 
xx. Rainwater Harvesting Unit: Rainwater harvesting unit is installed to capture roof-
top water during monsoon and stored for drinking and other purposes. The cost may 
vary, between Rs.100,000 and above, according to the diameter of the roof. It 
requires a skilled person to monitoring and maintenance (CGWB and NIH 2010).  
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xxi. Risk: “Risk is the probability and magnitude of consequences after a hazard, 
perturbation, or stress” (Turner, Kasperson et al. 2003). 
xxii. Scheduled Caste (SC): The category ‘Scheduled Caste’ was first brought into use 
during the period of British rule by the Government of India (GOI) Act, 1935. The 
GOI (Scheduled Castes) order, 1936, further clarified the category and specified a 
number of castes as ‘Scheduled Castes’(Ministry of Social Justice and 
Empowerment 2013, Wikipedia 2013). Independent India, through the Constitution 
(Schedule Castes) Order, 1950, accepted the existing category of ‘Scheduled 
Castes’, and published a revised ‘Scheduled Castes’ list (Ministry of Social Justice 
and Empowerment 2013, Wikipedia 2013). The Order defined the category as 
consisting of those castes that were associated with the most impure (unclean) work 
and menial labor with no possibility of upward mobility, and were subjected to 
serve social exclusion and disadvantages, in comparison to the other castes 
(Ministry of Social Justice and Empowerment 2013, Wikipedia 2013). 
xxiii. Scheduled Tribe (ST): The Scheduled Tribe is a group of historically 
disadvantaged people, known as the depressed classes, which are given express 
recognition in the Constitution of India (Ministry of Social Justice and 
Empowerment 2013, Wikipedia 2013). “The Constitution (Scheduled Tribes) Order, 
1950 lists 744 tribes across 22 states in its First Schedule” (Ministry of Social 
Justice and Empowerment 2013, Wikipedia 2013). 
xxiv. Self Help Group (SHG): A self-help group is a financial assistance group, based 
within the village, and is usually composed of 10–20 local women from the socio-
economically deprived communities (Fouillet and Augsburg 2007). 
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xxv. Sensitivity: “Sensitivity is the degree to which a system will respond to a degree 
and/or rate of change to any perturbation, either positively or 
negatively”(McCarthy, Canziani et al. 2001). 
xxvi. Socioeconomic: Information related to social and economic status of a person, 
household, village, blocks, districts, states, or a country (UNSD 2008). 
xxvii. Stress: “Stress is a continuous or slowly increasing pressure (e.g., soil degradation), 
commonly within the range of normal variability” (AFES-PRESS, Spring et al. 
2011).  
xxviii. Stressor: A process or object that causes stress (O’Brien, Leichenko et al. 2004). 
xxix. Vulnerability: “Vulnerability is the degree to which a system, subsystem, or system 
component is likely to experience harm due to exposure to a hazard, either a 
perturbation or stress/stressor” (Turner, Kasperson et al. 2003). 
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ORGANIZATION OF THESIS 
 Chapter I: An overall introduction of the dissertation, an ethics statement, an 
overview of research methods, dissertation objectives, and a brief description of 
the project area. 
 Chapter II: This chapter summarizes the household surveys and explains the 
socioeconomic, demographics and other social factors covered in this study. 
 Chapter III: “Analysis of health risks due to drinking arsenic contaminated 
water, current health status, and mapping hazard index in the sampled villages.” 
This chapter presents the current status of groundwater arsenic contamination in 
the study area, and documents arsenicosis and other diseases among the surveyed 
population.   
 Chapter IV: “Assessment of the socioeconomic, demographic, and other social 
factors, and preference for arsenic-mitigation technologies in the sampled 
village.” This chapter presents a case study that investigates preferences for 
arsenic-mitigation technologies by the individuals in the project area. The chapter 
assesses the links between socioeconomic, demographic, and other social factors 
and preferences for arsenic-mitigation technologies by those with decision-making 
power.  
 Chapter V: “Assessment of decision-making to adopt arsenic-mitigation under 
perceived health risk, economic risk, and social discrimination risk to groundwater 
arsenic contamination.” This chapter presents a conceptual framework of arsenic 
risk perception and investigates individuals’ decision-making to adopt arsenic-
mitigation under perceived risks to health, income, and social discrimination. 
xxxvii 
 
Furthermore, this study summarizes novel findings such as how caste, sanitation 
habits, and social capital play vital roles shaping individuals’ risk perception. 
 Chapter VI: “Assessing and mapping composite vulnerability to groundwater 
arsenic contamination.” This chapter presents a conceptual framework and a novel 
method to quantify composite vulnerability of the arsenic-exposed communities 
and help prioritize arsenic-mitigation policies. 
 Chapter VII: This chapter discusses the implications of the research findings for 
environmental management and policy creation. It also addresses the constraints 
and the limitations of the study, and directions for future research activities.
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CHAPTER-I 
1. Introduction 
Groundwater arsenic contamination is a problem affecting millions of people 
in South Asia (SA).  This project focuses on the arsenic-affected rural communities in 
Bihar, one of the most underdeveloped states of India. About 40% of the area in 
Bihar, adjacent to the River Ganges, is highly contaminated with arsenic (Saha, 
Dwivedi et al. 2009). The effects of arsenic go beyond the well-known adverse 
impacts on health—the very social integrity of a large number of affected 
communities is at stake.  Concentration of more than 1000µg/L of arsenic in drinking 
water, far exceeding the World Health Organization (WHO) standard of 10µg/L and 
the Indian standard of 50µg/L, are commonplace (Saha, Dwivedi et al. 2009, Singh, 
Ghosh et al. 2014). Current arsenic-mitigation efforts sponsored by the state, and to a 
lesser extent by non-governmental organizations, are largely ad hoc, untested, and 
poorly implemented. This project aims to improve the efficacy of the arsenic-
mitigation efforts through achieving two major goals: 1) Develop sustainable arsenic- 
mitigation models by analyzing the impacts of locally relevant factors such as income, 
caste, gender, education, knowledge of arsenic and perceptions related to arsenic on 
the adoption and sustainability of specific arsenic-mitigation techniques; and 2) 
Create a “composite vulnerability index” based on the constraints encountered by the 
communities and their adaptive capacity.  The project uses a holistic approach to 
understanding arsenic risk and vulnerability in order to provide an explanation for the 
adoption, or lack thereof, of specific arsenic-mitigation techniques.   
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1.1. Research Objectives 
In accordance with systems framework concept, this study envisages four 
inter-connected objectives that suggest means to overcome community resistance in 
the context of arsenic-mitigation.  The four specific objectives and accompanying 
hypotheses are described here. 
1.1.1. Objective 1: Analysis of health risks due to drinking arsenic contaminated 
water, current health status, and mapping hazard index in the sampled villages 
Hypothesis: Drinking arsenic contaminated water poses serious health risks and 
makes the impoverished population vulnerable to disease. The hazard index map 
could be a decision-making tool for health professionals to target the at-risk 
population for arsenic-mitigation programs. 
1.1.2. Objective 2: Assessment of the socioeconomic, demographics, and other social 
factors, and preference for arsenic-mitigation technologies of the communities in the 
sampled villages 
Hypothesis: Socioeconomic, demographics, and other social factors of a community 
affect adoption of arsenic-mitigation technologies. 
1.1.3. Objective 3: Assessment of decision-making to adopt arsenic-mitigation under 
perceived health risk, economic risk, and social discrimination risk to arsenic  
Hypothesis: Perception of risks associated with arsenic problems are correlated with 
the socioeconomic, demographics, and other social factors, and affects the decision- 
making to adopt arsenic-mitigation technologies. 
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1.1.4. Objective 4: Assessing and mapping composite vulnerability to groundwater 
arsenic contamination  
Hypothesis: Vulnerability is a function of socioeconomic and biophysical conditions 
of an area or the communities. The composite vulnerability framework could be used 
as a decision-making tool to: identify the highly vulnerable areas where arsenic-
mitigation is the most urgent requirement; to identify types of feasible and sustainable 
arsenic-mitigation options for a specific vulnerable area; and to identify the area(s) 
where the likelihood of success of an arsenic-mitigation plan is greatest.  
1.2. Ethics Statement 
The survey design and implementation procedure was reviewed and approved 
by the Montclair State University Institutional Review Board, New Jersey, USA (IRB 
001266) in 2012. The questionnaires were provided to the villagers along with the 
Principal Investigator’s “personal plea,” briefly explaining the objectives of the 
project and its potential benefits to society. The target populations were adults only. 
Therefore, written consent forms were provided only to adults in the villages. The 
respondents were surveyed only after receiving their signed consent forms. In the 
cases of illiterate respondents, the personal plea and the consent forms were read to 
them and their thumb impressions were obtained if they agreed to participate in the 
survey. In case of refusal to participate in the survey, or even hesitation, the interview 
was ended immediately. Only two of 340 people approached declined to participate in 
the survey. A couple of respondents asked the surveyor to explain the project and 
potential benefits to the village in more detail before deciding to participate in the 
study. 
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1.3. Survey Methods 
1.3.1. Survey administration 
Based on the presence of three common arsenic-mitigation technologies 
including hand pumps, deep tube wells, and arsenic treatment units, three villages, 
namely Suarmarwa, Rampur Diara, and Bhawani Tola were selected for this study. 
The surveyed populations were randomly selected by applying a stratified random 
sampling technique. The samples were stratified by the variable of caste, as the castes 
(forward, backward, and scheduled caste) are the sub-groups of the population in the 
project area, which are internally homogeneous, but externally heterogeneous (UNSD 
2008). The stratification helps to ensure proper representation of important sub-
groups, in this case caste, without biasing the selection operation (UNSD 2008). The 
other advantages of the stratification are gains in precision, or reliability, of the survey 
estimates (UNSD 2008). The following equation was used to derive the total number 
of households to be covered in each caste group including forward (upper), backward, 
and scheduled caste: 
 
Equation 1.1: Total number of households to be covered 
 
𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒉𝒐𝒖𝒔𝒆𝒉𝒐𝒍𝒅𝒔 𝒕𝒐 𝒃𝒆 𝒄𝒐𝒗𝒆𝒓𝒆𝒅 =
𝑮𝒓𝒐𝒖𝒑 𝒔𝒊𝒛𝒆 𝒙 𝑺𝒂𝒎𝒑𝒍𝒆 𝒔𝒊𝒛𝒆
𝑻𝒐𝒕𝒂𝒍 𝒑𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒔𝒊𝒛𝒆
                  
 
where group size = total population of the caste group, sample size = 110, and total 
population size = total population of the village. A minimum sample size of 100 was 
decided following a standard statistical number for households surveys (Warner 
2012). A summary of the total number of surveyed households out of total households 
in the surveyed villages is presented in Table 1.1. In Suarmarwa a total of 43% (111 
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of 260), in Rampur Diara a total of 24% (119 of 500), and in Bhawani Tola a total of 
22% (110 of 500) households were surveyed (Table 1.1). 
 
Table 1.1: Summary of caste wise number of households surveyed out of total 
households in the surveyed villages 
Caste 
Villages 
Suarmarwa Rampur Diara Bhawani Tola 
Scheduled caste 43% (26 of 60) 23% (23 of 100) 22% (22 of 100) 
Backward caste 43% (85 of 200) 22% (22 of 100) 22% (22% of 185) 
Forward caste 0  25% (74 of 300) 22% (47 of 215) 
Total 43% (111 of 260) 24% (119 of 500)  22% (110 of 500) 
 
The head of the households were randomly surveyed in the “Tola”/”Mahallah” 
(Tola or Mahallah is a small unit of the neighborhood in rural areas in the project 
area) (Wikipedia 2015). Getting unbiased information from a rural community is 
challenging due to factors such as low literacy, isolation and a widespread feeling of 
distrust of outsiders. Contacting the village head or a reliable person who is well 
known in the community was the first step towards starting the survey in the villages. 
The survey was conducted between April and August of 2013. Foreign visitors to 
villages are perceived as being concerned with their own benefits, so trust is key to 
earning cooperation.  The researcher must also have ample funding support to conduct 
the survey. To reduce this bias against visitors, it is very important to convince the 
village head or the young adults (who would assist in administering the surveys) in 
the community of the seriousness of the work and the potential benefits to the society.  
Prior experience working with the communities and an understanding of the 
local socioeconomic, cultural, and political environment play a vital role in 
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convincing respondents that the project will benefit society, thereby increasing the 
likelihood of honest responses. The author met the village heads and/or village 
representatives and discussed the project goals and survey strategy. The village heads 
or representatives were then asked to recommend 6-8 people to assist in conducting 
the survey. The 6-8 team members were chosen based on their education, awareness 
about general environmental or social issues, interpersonal and communication skills, 
and social networks. It is important to mention here that maintaining a positive and 
respectful attitude, avoiding arguments with villagers, showing commitment towards 
the work, and being respectful to respondents are the most important factors in 
establishing credibility among villagers. The team members were trained in the use of 
the survey instrument by explaining each question, followed by open discussion to 
clarify any doubts. An experienced member proved to be helpful in such discussions 
by having an opportunity to speak up and share his/her experience. This helped to 
smoothly conduct the survey. About 15 people were provided with the questionnaire 
and the survey was pre-tested and discussed among the team members. The ideal 
periods for meeting respondents and conducting surveys were mid-morning and late 
afternoon. It took approximately 40 minutes for each respondent to complete the 
survey. 
The respondents were approached individually. First, the background of the 
research was explained and the importance of their honest and unbiased responses 
was emphasized. The responses were noted as communicated and simultaneously 
were entered into an MS Excel spreadsheet version 2010. Later the data were coded in 
the Statistical Package for the Social Sciences (SPSS) software version 21 for 
Windows for further analysis and modeling. A total of 340 households comprising a 
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total population of about 2500 were surveyed with a 99% response rate. In most cases, 
respondents fully completed the survey and only left a total of 15 questions out of 
17,000 (340x50) unanswered when they were not sure about their responses. The 
questionnaire was originally developed in English and was translated into Hindi for 
the respondents (Appendix I.I). 
1.3.2. Data collection 
The questionnaire was divided into eight segments: demographics, 
socioeconomic or household characteristics, water and sanitation status and behaviors, 
health status of respondents’ family members, respondents’ prioritization of socio-
environmental problems, awareness of and attitude towards arsenic, likelihood of 
adoption of arsenic-mitigation under perceived risks, and social capital. 
1.3.2.1. Demographics 
The data on demographics were generated through a questionnaire that elicited 
respondents’ information about the following variables: gender, age, religion, caste, 
marital status, education level, residence time in the village, and household size. 
Questions for gender, religion, caste, marital status, and education level were closed 
ended with appropriate options. Age and stay period in the village questions were 
open-ended, where the respondents provided exact figures in years.  
1.3.2.2. Socioeconomic or household characteristics 
Household characteristics were captured for respondents’ occupation, gross 
monthly household cash income from formal and informal sources, housing status, 
agricultural landholdings, and agricultural practices. Questions for occupation and 
agricultural practices were closed ended with appropriate options. For gross monthly 
cash income, respondents provided total income of the household in round figures in 
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Indian rupees. For agricultural landholdings, they provided exact value in acres of 
land owned. However, the housing status was observed and an appropriate category 
was assigned to it. 
1.3.2.3. Water and Sanitation Status and Behaviors 
Water and sanitation status and behaviors were captured through closed ended 
questions with appropriate options for: sources of drinking, cooking, bathing, and 
irrigation water, number of family members involved in water collection, time spent 
and distance travelled to collect water, and sanitation behaviors. For the questions on 
time spent (minutes/day) and distance travelled (meters) to collect water, the 
responses were given within the appropriate range.  
1.3.2.4. Health Status 
Information on respondents’ (and household members’) health status was 
elicited through the questions on any arsenicosis symptoms and other diseases 
symptoms in the last one year and cost of the treatment. 
1.3.2.5. Prioritization of socio-environmental problems 
Respondents were asked to prioritize their concern for eight common socio-
environmental problems in their locality. The problems were: lack of land, lack of 
school, lack of health facilities, flood/drought, water accessibility, water quality, lack 
of a job, and poverty. A most-least rating method was applied to socio-environmental 
problems (Carlton and Jacobson 2013). Respondents were asked to rate each item on 
an “8-point” rating scale. The endpoints of the scale were 8 meaning “least 
concerned” and 1 meaning “most concerned.” 
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1.3.2.6. Knowledge and awareness of and attitude to arsenic contamination 
Knowledge and awareness of arsenic contamination were measured with a set 
of ten questions. The choices for the responses were coded as yes or no. All the “Yes” 
responses were given a score of “1” and “No” responses were given a score of “0.” 
Later, all the ten questions were clubbed and an arsenic awareness index (3-levels) 
was developed. After adding the total score for each respondent, the respondents with 
zero score were recoded “1=no awareness”; respondents with a total score between 1 
and 4 were recoded “2=low awareness”, and the respondents with a total score ≥5 
were recoded “3=high awareness.”  
Respondents’ behavior towards arsenicosis victims was captured through a set 
of five closed ended questions. The choices for the responses were coded as yes or no. 
All the “Yes” responses were given a score of “1” and “No” responses were given a 
score of “0.” Information on willingness to pay for arsenic-free water was captured 
through a question with options provided in range in Indian Rupees.  
Preference for a specific arsenic-mitigation technology as a convenient and 
feasible source to provide arsenic-free water was captured following alternatives: 
Arsenic Treatment Unit (filters), Deep Tube Well, Open Well or Dug Well, Piped 
Water Supply, and Rainwater Harvesting System. They were asked to choose the 
preferred option. Later, the choices for the responses were coded as “Yes” or “No.” 
All the “Yes” responses were given a score of 1 and “No” responses were given a 
score of 0. Except in one case all the respondents selected only one option as a 
convenient and the most feasible source of arsenic-free water in their villages. 
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1.3.2.7. Likelihood of adoption of arsenic-mitigation under perceived risks 
Likelihood of adoption of arsenic-mitigation technologies under perceived 
risks to health, income (economy), and social discrimination or isolation was 
measured. Participants were presented with three scenarios to elicit their decision to 
adopt (or reject) arsenic-mitigation technology(s); a) Would you adopt arsenic-
mitigation if you perceived health risk due to drinking arsenic-contaminated water? b) 
Would you adopt arsenic-mitigation if you perceived economic risk due to expenses 
for arsenic-induced health problems? c) Would you adopt arsenic-mitigation if you 
perceived social discrimination risk due to arsenic-induced diseases?  
Responses were recorded on a “5-point” Likert scale (i.e., Strongly Agree, 
Agree, Neutral, Disagree, and Strongly Disagree; scored from “1” to “5” 
respectively). 
1.3.2.8. Social capital 
Community level social capital in the surveyed villages was evaluated by 
asking questions about respondent’s opinions on the presence and functionality of the 
institutions including Anganwadi, Self Help Groups, and Mahila Samakhya. In 
addition, respondents were asked about their trust in government agencies, private 
agencies, non-governmental organizations (NGO), Panchayati Raj Institutions, and 
academics/scientists. Responses were recorded on a “5-point” Likert scale (i.e., 
Strongly Agree, Agree, Neutral, Disagree, and Strongly Disagree; scored from “1” to 
“5” respectively). Individual social capital was assessed with questions about 
participation in the panchayat activities (e.g. village meetings), and whether other 
people in the communities sought and valued respondents’ advice. Responses in both 
cases were recorded on a “5-point” Likert scale (i.e., Strongly Agree, Agree, Neutral, 
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Disagree, and Strongly Disagree; scored from “1” to “5” respectively). Information 
about the respondents’ social trust was elicited using a closed ended question with 
five options including trust in 1-2 people, 2-5 people, 5-10 people, more than 10 
people, and none. The description and coding used for each variable is listed in 
Appendix I.II. 
1.4. Data Analysis 
Statistical Package for Social Sciences (SPSS), IBM version 21 in Windows 
environment, was used for statistical analysis (SPSS 2012). Except age, agricultural 
landholdings, and cash income, most of the variables were either nominal or ordinal 
in nature. Therefore, the Chi-square test of independence was performed to see 
whether the variables were different across the villages (Warner 2012). Age and cash 
income were later grouped, recoded, and treated as nominal for further analysis. 
Bivariate analysis was performed using the crosstab function in SPSS, which helped 
to evaluate the relationship between the two variables, pattern (linear vs. nonlinear) of 
the relationship, strength of the relationship between the two variables, direction of 
the relationship, and whether the results can be generalized to the sampled population 
(NZSSDS 2002, Warner 2012). The alpha level of significance for all the analysis 
was set at 0.05. The standardized residual and z-scores were also derived to interpret 
the results with precision, for example, which cell(s) produced the statistically 
significant difference (Warner 2012, UTEXAS 2014). A critical value of ±1.96 
(corresponding to an alpha of 0.05) was chosen to compare the size of the 
standardized residuals (Warner 2012, UTEXAS 2014). Logistic regression technique 
was applied to model the data, which is explained in detail in succeeding chapters.  
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1.5. Project Area 
Groundwater arsenic-contamination is referred to as the “largest mass 
poisoning in human history,” as it affects more than 500 million people in more than 
70 countries (Smith, Lingas et al. 2000, Ravenscroft, Brammer et al. 2009, Sen and 
Biswas 2013). The mid-Gangetic Plain (MGP) in India has emerged as one of the 
worst arsenic-contaminated areas in SA. The severity of groundwater contamination 
with arsenic, and associated health risks, have been reported in several studies 
(Chakraborti, Mukherjee et al. 2003, Ghosh, Singh et al. 2007, Ghosh Ashok, Singh 
Shatrunjay et al. 2008, Saha 2009, Singh 2011, Singh and Ghosh 2011, Singh and 
Ghosh 2012, Singh, Ghosh et al. 2014). For the current project, the villages of 
Suarmarwa, Rampur Diara, and Bhawani Tola, were selected in one of the worst 
arsenic-contaminated community blocks (Maner) of Patna city of Bihar, India (Ghosh, 
Singh et al. 2009, Singh and Ghosh 2012). The area lies along the levee of River 
Ganges in the MGP (Ghosh, Singh et al. 2007, Ghosh Ashok, Singh Shatrunjay et al. 
2008, Ghosh, Singh et al. 2009). Most of the villages of Maner block adjacent to the 
River Ganges have been reported as arsenic-contaminated (Ghosh, Singh et al. 2009, 
Singh and Ghosh 2012). Moreover, along with groundwater arsenic-contamination, 
the soils and the produce grown on arsenic-contaminated soils have also been found 
to be contaminated with arsenic in the area (Singh 2011).  Significantly elevated 
cancer risks between 1 and 87 per 1000 children and arsenicosis cases have also been 
reported in the region (Chakraborti, Mukherjee et al. 2003, Singh and Ghosh 2012, 
Singh, Ghosh et al. 2014). The arsenic-contamination problem renders the exposed 
communities highly vulnerable, putting about 12 million people at risk (Singh, Ghosh 
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et al. 2014, Singh and Vedwan 2015). A spatial distribution of the household surveyed 
is presented in figure 1.1. 
 
Figure 1.1: Spatial distribution of households surveyed in the project area 
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CHAPTER-II 
2. Introduction 
This chapter presents a summary of the survey results. A village wise analysis 
is briefly explained in the text, and the crosstab analysis reports are included as 
appendices. A total of 340 respondents were surveyed in three villages (Table 2.1).  
 
Table 2.1: Number of households surveyed in the project area 
Name of the surveyed villages 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Suarmarwa 111 32.6 32.6 32.6 
Rampur Diara 119 35.0 35.0 67.6 
Bhawani Tola 110 32.4 32.4 100.0 
Total 340 100.0 100.0  
   
2.1. Survey Results 
2.1.1. Frequency distribution 
2.1.1.1.Demographics of the respondents 
The demographics section contains information on gender, age, religion, caste, 
marital status, education level, stay period in the village, and number of dependent 
family members. All respondents were Hindu. The majority of the respondents were 
male (95%), as women in rural areas hesitate to interact with outsiders (Table 2.2).  
Table 2.2: Frequency distribution of gender in the project area 
Gender of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Female 17 5.0 5.0 5.0 
Male 323 95.0 95.0 100.0 
Total 340 100.0 100.0  
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The majority of the respondents were elderly (40 and above) (Table 2.3).  
 
Table 2.3: Frequency distribution of age in the project area 
Age group of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
18-28 37 10.9 10.9 10.9 
29-39 73 21.5 21.5 32.4 
40-50 113 33.2 33.2 65.6 
51-61 60 17.6 17.6 83.2 
62 and above 57 16.8 16.8 100.0 
Total 340 100.0 100.0  
 
The maximum participation in the survey was by the backward caste, followed 
by the forward caste, and the scheduled caste, respectively (Table 2.4). This was 
expected, as Suarmarwa village had no forward caste respondents, Rampur Diara was 
dominated by forward caste and had almost equal population of backward and 
scheduled castes, and Bhawani Tola had less scheduled caste but equal households of 
backward and forward castes (Table 1.1).  
 
Table 2.4: Frequency distribution of castes in the project area 
Caste of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Scheduled Caste 71 20.9 20.9 20.9 
Backward Caste 148 43.5 43.5 64.4 
Forward Caste 121 35.6 35.6 100.0 
Total 340 100.0 100.0  
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A majority (95%) of respondents were married, 5% had never married, and 
one respondent was widowed (Table 2.5).  
 
Table 2.5: Frequency of marital status of the respondents in the project area 
Marital status of the respondents 
 Frequency Percent Valid 
Percent 
Cumulative 
Percent 
Valid 
Single+ Divorced+ 
Widowed 
17 5.0 5.0 5.0 
Married 323 95.0 95.0 100.0 
Total 340 100.0 100.0  
 
In terms of level of education, a total of 86% of the population had some level 
of education. However, the rest of the population (14%) was illiterate. Although the 
average literacy rate (%) in the area was greater than the state’s literacy rate of 35% 
(GoI 2001), the majority of the population had only a primary level of education, 
followed by a secondary and a college level of education respectively (Table 2.6).  
 
Table 2.6: Frequency distribution of education levels of the respondents in the project 
area 
Education level of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Illiterate 83 24.4 24.4 24.4 
Primary education 139 40.9 40.9 65.3 
Secondary education 80 23.5 23.5 88.8 
College (UG+PG) 38 11.2 11.2 100.0 
Total 340 100.0 100.0  
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Six people per household was found to be the average family size in the area. 
However, 63% of the respondents had more than 5 dependent family members (Table 
2.7).  
 
Table 2.7: Frequency distribution of household size of the respondents in the project 
area 
Household size (only dependent members) of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
<=5 128 37.6 37.6 37.6 
>5-10> 191 56.2 56.2 93.8 
>10 21 6.2 6.2 100.0 
Total 340 100.0 100.0  
 
2.1.1.2. Household details of the respondents 
The occupation of the majority of the respondents was found to be either wage 
labor (39%) or agriculture (34%); 19% of the respondents hold a job or run a business 
for a living, and 9% of the respondents were unemployed in the surveyed villages 
(Table 2.8).  
 
Table 2.8: Frequency distribution of occupations of the respondents in the surveyed 
villages 
Occupation of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Unemployed 30 8.8 8.8 8.8 
Labor 132 38.8 38.8 47.6 
Agriculture 114 33.5 33.5 81.2 
Job + Business 64 18.8 18.8 100.0 
Total 340 100.0 100.0  
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A majority of respondents (71%) earn between Rs.500 to Rs.10,000 (just 
Above the Poverty Line (APL)); 18% earn more than Rs.10,000 per month; and 11% 
are Below the Poverty Line (BPL) with a monthly income less than Rs.500 (Table 
2.9).  
 
Table 2.9: Frequency distribution of income level of the respondents in the project 
area 
Income group based on gross monthly cash income of the respondents 
 Frequency Percent Valid 
Percent 
Cumulative 
Percent 
Valid 
BPL(Rs.500<per 
month) 
37 10.9 10.9 10.9 
Lower APL(>Rs.500-
Rs.10,000 per month) 
243 71.5 71.5 82.4 
Upper APL(>Rs.10,000 
per month) 
60 17.6 17.6 100.0 
Total 340 100.0 100.0  
 
A majority (57%) of the respondents had no agricultural landholdings (Table 
2.10).  
 
Table 2.10: Frequency distribution of agricultural landholdings of the respondents in 
the project area 
Agricultural landholdings of the respondents 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No landholdings 192 56.5 56.5 56.5 
Landholdings 148 43.5 43.5 100.0 
Total 340 100.0 100.0  
 
In rural areas in Bihar, India, people raise cows and buffaloes for milk, and 
goats for meat. A majority of the respondents (53%) in the surveyed villages had 
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cows (Table 2.11), 17% of the respondents had buffaloes (Table 2.12) and only 3% of 
the respondents had goats (Table 2.13).   
 
Table 2.11: Frequency distribution of livestock-cow owned by the respondents in the 
project area 
Do you own any livestock-Cow? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 161 47.4 47.4 47.4 
Yes 179 52.6 52.6 100.0 
Total 340 100.0 100.0  
 
Table 2.12: Frequency distribution of livestock-buffalo owned by the respondents in 
the project area 
Do you own any livestock-Buffalo? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 283 83.2 83.2 83.2 
Yes 57 16.8 16.8 100.0 
Total 340 100.0 100.0  
 
Table 2.13: Frequency distribution of livestock-goat owned by the respondents in the 
project area 
Do you own any livestock-Goat? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 330 97.1 97.1 97.1 
Yes 10 2.9 2.9 100.0 
Total 340 100.0 100.0  
 
Only 12% of the respondents reported that they cultivate rice (Table 2.14).  
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Table 2.14: Frequency distribution of rice cultivation by the respondents in the 
project area 
Rice cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 299 87.9 87.9 87.9 
Yes 41 12.1 12.1 100.0 
Total 340 100.0 100.0  
 
A majority (54%) of the respondents cultivate wheat in the surveyed villages (Table 
2.15).  
 
Table 2.15: Frequency distribution of wheat cultivation by the respondents in the 
project area 
Wheat cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 157 46.2 46.2 46.2 
Yes 183 53.8 53.8 100.0 
Total 340 100.0 100.0  
 
Likewise, a majority (60%) of the respondents cultivate maize in the surveyed 
villages (Table 2.16).  
 
Table 2.16: Frequency distribution of maize cultivation by the respondents in the 
project area 
Maize cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 280 82.4 82.4 82.4 
Yes 60 17.6 17.6 100.0 
Total 340 100.0 100.0  
 
Only 21% of the respondents cultivate pulse (Table 2.17).  
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Table 2.17: Frequency distribution of pulse cultivation by the respondents in the 
project area 
Pulse cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 319 93.8 93.8 93.8 
Yes 21 6.2 6.2 100.0 
Total 340 100.0 100.0  
 
Only seven respondents cultivate millet (Table 2.18). 
 
Table 2.18: Frequency distribution of millet cultivation by the respondents in the 
project area 
Millet cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 333 97.9 97.9 97.9 
Yes 7 2.1 2.1 100.0 
Total 340 100.0 100.0  
 
Approximately 11% of the respondents cultivate potatoes (Table 2.19). No 
respondents cultivate groundnuts in the surveyed villages. 
 
Table 2.19: Frequency distribution of potatoes cultivation by the respondents in the 
project area 
Potatoes cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 303 89.1 89.1 89.1 
Yes 37 10.9 10.9 100.0 
Total 340 100.0 100.0  
 
Only 7% of the respondents cultivate vegetables (Table 2.20). Only one respondent in 
the three surveyed villages, a resident in Suarmarwa, cultivated fruit. 
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Table 2.20: Frequency distribution of vegetables cultivation by the respondents in the 
project area 
Vegetables cultivation by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 315 92.6 92.6 92.6 
Yes 25 7.4 7.4 100.0 
Total 340 100.0 100.0  
 
The largest proportion (37%) of the population was found to live in Kachcha houses 
followed by Pucca houses, thatched roof, and straw made roof houses, respectively 
(Table 2.21).  
 
Table 2.21: Frequency distribution of housing status of the respondents in the project 
area 
Housing status of the respondents (observed and noted) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Straw made house 32 9.4 9.4 9.4 
Thatched roof house 83 24.4 24.4 33.8 
Kachcha house 128 37.6 37.6 71.5 
Pucca house 97 28.5 28.5 100.0 
Total 340 100.0 100.0  
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2.1.1.3. Water and sanitation facilities 
A majority (49%) of the population drinks water from public hand pumps, 
followed by private hand pumps (46%) (Table 2.24).  
 
Table 2.22: Frequency distribution of sources of water used for drinking purposes by 
the respondents in the project area 
Sources of drinking water used by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Private tap 6 1.8 1.8 1.8 
Public tap 4 1.2 1.2 2.9 
Private hand pump 157 46.2 46.2 49.1 
Public hand pump 168 49.4 49.4 98.5 
Boring 1 .3 .3 98.8 
Dug well 4 1.2 1.2 100.0 
Total 340 100.0 100.0  
 
 
Table 2.23: Frequency distribution of sources of water used for cooking by the 
respondents in the project area 
Sources of cooking water used by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Private tap 4 1.2 1.2 1.2 
Public tap 4 1.2 1.2 2.4 
Private hand pump 155 45.6 45.6 47.9 
Public hand pump 172 50.6 50.6 98.5 
Boring 1 .3 .3 98.8 
Dug well 4 1.2 1.2 100.0 
Total 340 100.0 100.0  
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Table 2.24: Frequency distribution of sources of water used for bathing by the 
respondents in the project area 
Sources of bathing water used by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Private tap 4 1.2 1.2 1.2 
Public tap 4 1.2 1.2 2.4 
Private hand pump 151 44.4 44.4 46.8 
Public hand pump 176 51.8 51.8 98.5 
Boring 1 .3 .3 98.8 
Dug well 4 1.2 1.2 100.0 
Total 340 100.0 100.0  
 
Altogether 59% of the respondents had irrigation water sources. Except in two cases, 
all respondents use boring for irrigation (Table 2.25).  
 
Table 2.25: Frequency distribution of irrigation water sources used by the 
respondents in the project area 
Sources of irrigation water used by the household 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No Irrigation 139 40.9 40.9 40.9 
Private hand pump 1 .3 .3 41.2 
Public hand pump 1 .3 .3 41.5 
Boring 199 58.5 58.5 100.0 
Total 340 100.0 100.0  
 
A majority (56%) of the respondents report that ≤5 family members were involved in 
water collection, followed by 5 to 10 family members in 42% of households and >10 
family members in only 2% of the households (8 households in total) (Table 2.26). 
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Table 2.26: Frequency distribution of number of family members involved in water 
collection the in the project area 
Number of family members involved in water collection 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
≤ members 190 55.9 55.9 55.9 
5-10members 142 41.8 41.8 97.6 
>10members 8 2.4 2.4 100.0 
Total 340 100.0 100.0  
 
A majority (87%) of the population spent ≤10 minutes and travelled ≤ 50 meters to 
collect water (Table 2.27). 
  
Table 2.27: Frequency distribution of time spent for water collection by the 
respondents in the project area 
Time spent for water collection 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
≤10 minutes 296 87.1 87.3 87.3 
>10 minutes 43 12.6 12.7 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
 
Table 2.28: Frequency distribution of distance travelled to collect water by the 
respondents in the project area 
Distance from water source (m) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
≤50 meters 298 87.6 87.6 87.6 
>50 meters 42 12.4 12.4 100.0 
Total 340 100.0 100.0  
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A majority (81%) of the respondents reported that they defecate in open environment, 
regardless of toilet availability (Table 2.29). Only 19% of the population uses toilets 
for defecation (Table 2.29). All 100% of the Suarmarwa respondents defecate in open 
environment.  
 
Table 2.29: Frequency distribution of place for defecation by the respondents in the 
project area 
Where do you go for defecation? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Open field 276 81.2 81.2 81.2 
Toilet 64 18.8 18.8 100.0 
Total 340 100.0 100.0  
 
A majority (87%) of the respondents use soil to wash their hands after defecation 
(Table 2.30).  
 
Table 2.30: Frequency distribution of materials used for hand washing after 
defecation by the respondents in the project area 
What do you use to wash your hands after defecation? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Soil 297 87.4 87.4 87.4 
Soap-Ash 43 12.6 12.6 100.0 
Total 340 100.0 100.0  
 
2.1.1.4. Health status of the family members of the respondents 
Only 2% of the respondents reported arsenicosis symptoms in their family 
members (Table 2.31).  
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Table 2.31: Frequency distribution of arsenicosis symptoms in respondents’ family in 
the project area 
Arsenicosis symptoms observed in your family 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 315 92.6 93.8 93.8 
Yes 21 6.2 6.3 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
 
Thirty five percent (35%) of the respondents reported that there were symptoms of 
diseases other than arsenicosis in their family members (Table 2.32).  
 
Table 2.32: Frequency distribution of other diseases symptoms in family members of 
the respondents in the project area 
Other diseases symptoms in your family 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 217 63.8 64.6 64.6 
Yes 119 35.0 35.4 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
 
2.1.1.5. Prioritization of socio-environmental problems 
Only 8% of the respondents ranked lack of land their #1 priority, and 3% 
assigned the lowest priority to lack of land (Table 2.33).  
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Table 2.33: Frequency distribution of prioritization of lack of land by the respondents 
in the project area 
Please rate Lack of Land between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 26 7.6 7.7 7.7 
Rank 2 49 14.4 14.6 22.3 
Rank 3 77 22.6 22.9 45.2 
Rank 4 63 18.5 18.8 64.0 
Rank 5 37 10.9 11.0 75.0 
Rank 6 42 12.4 12.5 87.5 
Rank 7 32 9.4 9.5 97.0 
Rank 8 10 2.9 3.0 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
 
Only 2% of the respondents assigned highest priority to lack of school in the surveyed 
villages (Table 2.34).  
 
Table 2.34: Frequency distribution of prioritization of lack of school by the 
respondents in the project area 
Please rate Lack of School between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 7 2.1 2.1 2.1 
Rank 2 10 2.9 3.0 5.1 
Rank 3 25 7.4 7.4 12.5 
Rank 4 47 13.8 14.0 26.5 
Rank 5 74 21.8 22.0 48.5 
Rank 6 50 14.7 14.9 63.4 
Rank 7 48 14.1 14.3 77.7 
Rank 8 75 22.1 22.3 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
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Only 18% of the respondents ranked lack of health facilities as their #1 priority (Table 
2.35).  
 
Table 2.35: Frequency distribution of prioritization of lack of health facilities by the 
respondents in the project area 
Please rate Lack of Health Facilities between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 62 18.2 18.5 18.5 
Rank 2 36 10.6 10.7 29.2 
Rank 3 62 18.2 18.5 47.6 
Rank 4 58 17.1 17.3 64.9 
Rank 5 36 10.6 10.7 75.6 
Rank 6 25 7.4 7.4 83.0 
Rank 7 44 12.9 13.1 96.1 
Rank 8 13 3.8 3.9 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
Only 3% of the respondents ranked exposure to flood/drought as their #1 priority 
(Table 2.36).  
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Table 2.36: Frequency distribution of prioritization of flood/drought by the 
respondents in the project area 
Please rate Flood/Drought between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 10 2.9 3.0 3.0 
Rank 2 28 8.2 8.3 11.3 
Rank 3 39 11.5 11.6 22.9 
Rank 4 67 19.7 19.9 42.9 
Rank 5 66 19.4 19.6 62.5 
Rank 6 71 20.9 21.1 83.6 
Rank 7 42 12.4 12.5 96.1 
Rank 8 13 3.8 3.9 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
A majority (80%) of the respondents ranked water accessibility ≥5 in the surveyed 
villages (Table 2.37).   
 
Table 2.37: Frequency distribution of prioritization of water accessibility by the 
respondents in the project area 
Please rate Water Accessibility between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 4 1.2 1.2 1.2 
Rank 2 6 1.8 1.8 3.0 
Rank 3 34 10.0 10.1 13.1 
Rank 4 21 6.2 6.3 19.3 
Rank 5 59 17.4 17.6 36.9 
Rank 6 82 24.1 24.4 61.3 
Rank 7 87 25.6 25.9 87.2 
Rank 8 43 12.6 12.8 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
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Only 5% of the respondents ranked water quality as their highest priority (Table 
2.38).  
 
Table 2.38: Frequency distribution of prioritization of water quality by the 
respondents in the project area 
Please rate Water Quality between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 16 4.7 4.8 4.8 
Rank 2 29 8.5 8.6 13.4 
Rank 3 24 7.1 7.1 20.5 
Rank 4 32 9.4 9.5 30.1 
Rank 5 26 7.6 7.7 37.8 
Rank 6 29 8.5 8.6 46.4 
Rank 7 38 11.2 11.3 57.7 
Rank 8 142 41.8 42.3 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
A majority (72%) of the respondents ranked job availability in their top three 
priorities among other social issues (Table 2.39).  
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Table 2.39: Frequency distribution of prioritization of lack of job by the respondents 
in the project area 
Please rate Lack of Job between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 76 22.4 22.6 22.6 
Rank 2 119 35.0 35.4 58.0 
Rank 3 47 13.8 14.0 72.0 
Rank 4 26 7.6 7.7 79.8 
Rank 5 23 6.8 6.8 86.6 
Rank 6 19 5.6 5.7 92.3 
Rank 7 17 5.0 5.1 97.3 
Rank 8 9 2.6 2.7 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
A majority (39%) of the respondents ranked poverty as their #1 priority (Table 2.40).  
 
Table 2.40: Frequency distribution of prioritization of poverty by the respondents in 
the project area 
Please rate Poverty between 1 to 8, high priority to low priority 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Rank 1 133 39.1 39.6 39.6 
Rank 2 60 17.6 17.9 57.4 
Rank 3 30 8.8 8.9 66.4 
Rank 4 24 7.1 7.1 73.5 
Rank 5 15 4.4 4.5 78.0 
Rank 6 19 5.6 5.7 83.6 
Rank 7 27 7.9 8.0 91.7 
Rank 8 28 8.2 8.3 100.0 
Total 336 98.8 100.0  
Missing System 4 1.2   
Total 340 100.0   
 
35 
 
 
 
2.1.1.6. Knowledge of and attitude toward arsenic 
Only 13% of the respondents were knowledgeable about arsenic (Table 2.41).  
 
Table 2.41: Frequency distribution of knowledge about arsenic among the 
respondents in the surveyed villages 
Do you know what Arsenic is? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 295 86.8 86.8 86.8 
Yes 45 13.2 13.2 100.0 
Total 340 100.0 100.0  
 
Only 7% respondents reported that they know about the sources of arsenic in 
groundwater in the area (Table 2.42). However, the knowledge about the sources of 
arsenic was similar across the surveyed villages (Table 2.42).  
 
Table 2.42: Frequency distribution of knowledge on the sources of arsenic among the 
respondents in the surveyed villages 
Do you know the source/s of Arsenic 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 316 92.9 92.9 92.9 
Yes 24 7.1 7.1 100.0 
Total 340 100.0 100.0  
 
Twenty one percent (21%) of the respondents reported that they heard about arsenic 
and arsenic related health problems (Table 2.43).  
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Table 2.43: Frequency distribution of awareness on arsenic and arsenic related health 
problems among the respondents in the project area 
Have you heard about Arsenic and Arsenic related health problems? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 269 79.1 79.1 79.1 
Yes 71 20.9 20.9 100.0 
Total 340 100.0 100.0  
 
Only 17% of the respondents knew about the health impact due to drinking arsenic 
contaminated water in the surveyed villages (Table 2.44).  
 
Table 2.44: Frequency distribution of knowledge on the health impact due to drinking 
arsenic contaminated water among the respondents in the project area 
Do you know the health impact due to drinking Arsenic contaminated water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 284 83.5 83.5 83.5 
Yes 56 16.5 16.5 100.0 
Total 340 100.0 100.0  
 
A majority (94%) of the respondents did not know that arsenicosis patients can be 
cured through medicine or herbs (Table 2.45).  
 
Table 2.45: Frequency distribution of knowledge on arsenic treatment among the 
respondents in the project area 
Do you know that Arsenicosis patients can be cured through medicine/herbs? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 319 93.8 93.8 93.8 
Yes 21 6.2 6.2 100.0 
Total 340 100.0 100.0  
 
Almost half of the respondents (49.4%) had knowledge about voluntary testing for 
arsenicosis (Table 2.46).  
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Table 2.46: Frequency distribution of knowledge on the volunteer testing for 
arsenicosis among the respondents in the project area 
Do you know where to go for voluntary testing for Arsenicosis? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 172 50.6 50.6 50.6 
Yes 168 49.4 49.4 100.0 
Total 340 100.0 100.0  
 
A majority (99%) of the respondents reported that they do not know if anyone is 
suffering from or has died of arsenicosis in their communities (Table 2.47).  
 
Table 2.47: Frequency distribution of knowledge on any arsenicosis patients in the 
community among the respondents in the project area 
Do you know anyone suffering/died from Arsenicosis in your community? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 335 98.5 98.5 98.5 
Yes 5 1.5 1.5 100.0 
Total 340 100.0 100.0  
 
A majority (80%) of the respondents did not know whether their drinking water 
sources were arsenic contaminated (Table 2.48).  
 
Table 2.48: Frequency distribution of knowledge on status of arsenic contamination 
of drinking water sources of the respondents in the project area 
Is your drinking water source contaminated with Arsenic? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 272 80.0 80.0 80.0 
Yes 68 20.0 20.0 100.0 
Total 340 100.0 100.0  
 
A majority (99%) of the respondents did not know whether any arsenic-mitigation 
programs were operating in their villages (Table 2.49).  
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Table 2.49: Frequency distribution of knowledge on arsenic-mitigation programs 
among the respondents in the project area 
Is there any Arsenic Mitigation Program operating in your area? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 335 98.5 98.5 98.5 
Yes 5 1.5 1.5 100.0 
Total 340 100.0 100.0  
 
A majority (98%) of the respondents reported that arsenic-mitigation programs or 
techniques were not effective in their villages (Table 2.50). 
 
Table 2.50: Frequency distribution of knowledge on the effectiveness of arsenic-
mitigation program/technique among the respondents in the project area 
Is the Arsenic Mitigation program/technique effective? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 333 97.9 97.9 97.9 
Yes 7 2.1 2.1 100.0 
Total 340 100.0 100.0  
 
Respondents’ behavior to arsenicosis patients was captured through a set of five 
questions. A majority (57%) of the respondents believe that their communities will 
allow an arsenicosis patient to stay in their locality or in their villages (Table 2.51).  
Table 2.51: Frequency distribution of respondents’ opinion on arsenicosis patients to 
allow staying in the villages 
Do you think that your community will allow Arsenicosis patients to stay in the 
locality/village? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 144 42.4 42.5 42.5 
Yes 195 57.4 57.5 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
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A majority (55%) of the respondents reported that they will continue interacting with 
a family having an arsenicosis patient (Table 2.52).  
 
Table 2.52: Frequency distribution of respondents’ opinion on their interaction with a 
family having an arsenicosis patient 
Would you interact with a family having an Arsenicosis patient? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 152 44.7 44.7 44.7 
Yes 188 55.3 55.3 100.0 
Total 340 100.0 100.0  
 
A majority (60%) of the respondents reported that they would invite a family to a 
social gathering even if there is any arsenicosis patient in that family (Table 2.53).  
 
Table 2.53: Frequency distribution of respondents’ opinion on whether they would 
invite a family having an arsenicosis patient during social function 
Would you invite a family having an Arsenicosis patient during social function? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 137 40.3 40.3 40.3 
Yes 203 59.7 59.7 100.0 
Total 340 100.0 100.0  
 
A majority (54%) of the respondents were not willing to allow their children to play 
with children from a family having arsenicosis patients (Table 2.54).  
Table 2.54: Frequency distribution of respondents’ opinion on whether they would 
allow their children to play with children from a family having arsenicosis patients 
Would you allow your child to play with a child from a family having an 
Arsenicosis patient? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 183 53.8 53.8 53.8 
Yes 157 46.2 46.2 100.0 
Total 340 100.0 100.0  
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A majority (87%) of the respondents reported that they would take an arsenicosis 
patient to a health center (Table 2.55).  
 
Table 2.55: Frequency distribution of respondents’ opinion on whether they would 
like to take an arsenicosis patient to a health center 
Would you take an Arsenicosis patient to a health center? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 46 13.5 13.5 13.5 
Yes 294 86.5 86.5 100.0 
Total 340 100.0 100.0  
 
Willingness to pay for better environmental services plays a vital role in the success 
of any interventions, in this case in arsenic-mitigation. A majority (96%) of the 
respondents were willing to pay for arsenic-free water. Only 4% of the respondents 
showed no willingness to pay for arsenic-free water in the surveyed villages (Table 
2.56).  
 
Table 2.56: Frequency distribution of respondents’ willingness to pay for arsenic-free 
water 
How much you are willing to pay for Arsenic free drinking water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
<Rs.25 190 55.9 55.9 55.9 
>Rs.25 136 40.0 40.0 95.9 
None 14 4.1 4.1 100.0 
Total 340 100.0 100.0  
 
 
Arsenic treatment units were selected by 39% of the respondents as a convenient and 
feasible source of arsenic-free water in their villages (Table 2.57).  
 
41 
 
 
 
Table 2.57: Frequency distribution of respondents’ opinion on arsenic treatment units 
as a convenient and feasible source of arsenic-free water 
What do you think about Arsenic Treatment Unit as a convenient and feasible 
source of Arsenic free water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 207 60.9 61.1 61.1 
Yes 132 38.8 38.9 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
Only 11% of the respondents reported deep tube wells as convenient and feasible 
sources of arsenic-free water in their villages (Table 2.58).  
 
Table 2.58: Frequency distribution of respondents’ opinion on deep tube well as a 
convenient and feasible source of arsenic-free water 
What do you think about Deep Tube Well as a convenient and feasible source of 
Arsenic-free water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 301 88.5 88.8 88.8 
Yes 38 11.2 11.2 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
Only 10% of the respondents reported open dug wells as convenient and feasible 
sources of arsenic-free water in their villages (Table 2.59).  
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Table 2.59: Frequency distribution of respondents’ opinion on open dug well/dug 
well as a convenient and feasible source of arsenic-free water 
What do you think about Open Well/Dug Well as a convenient and feasible 
source of Arsenic-free water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 304 89.4 89.7 89.7 
Yes 35 10.3 10.3 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
Piped water supply systems were reported by 36% of the respondents as convenient 
and feasible sources of arsenic-free water in their villages (Table 2.60). 
  
Table 2.60: Frequency distribution of respondents’ opinion on piped water supply 
systems as a convenient and feasible source of arsenic-free water 
What do you think about Piped Water Supply Systems as a convenient and 
feasible source of Arsenic-free water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 217 63.8 64.0 64.0 
Yes 122 35.9 36.0 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
Only 1% (four respondents) of the respondents (Rampur Diara=3, Bhawani Tola=1, 
and Suarmarwa=0), preferred rainwater harvesting systems as convenient and feasible 
sources of arsenic-free water (Table 2.61) (Appendix II.VI). 
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Table 2.61: Frequency distribution of respondents’ opinion on rainwater harvesting 
system as a convenient and feasible source of arsenic-free water 
What do you think about Rainwater Harvesting System as a convenient and 
feasible source of Arsenic-free water? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
No 334 98.2 98.8 98.8 
Yes 4 1.2 1.2 100.0 
Total 338 99.4 100.0  
Missing System 2 .6   
Total 340 100.0   
 
 
2.1.1.7. Likelihood to adopt arsenic-mitigation technologies under perceived 
risks 
A vast majority of (91%) of the respondents were willing to adopt arsenic-
mitigation technologies under perceived health risk (Table 2.62). No respondent 
showed strong disagreement to adopt arsenic-mitigation under perceived health risk 
(Table 2.62).  
 
Table 2.62: Frequency distribution of likelihood of adoption of arsenic-mitigation 
under perceived health risk by the respondents in the surveyed villages 
Would you adopt Arsenic-mitigation technology, if you perceive Risk to 
Health? (@5-point Likert scale) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 15 4.4 4.4 4.4 
Neutral 16 4.7 4.7 9.1 
Agree 125 36.8 36.8 45.9 
Strongly Agree 184 54.1 54.1 100.0 
Total 340 100.0 100.0  
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A majority of (67%) of the respondents were willing to adopt arsenic-mitigation 
technologies under perceived economic risk (Table 2.63).  
 
Table 2.63: Frequency distribution of likelihood of adoption of arsenic-mitigation 
under perceived economic risk by the respondents in the surveyed villages 
Would you adopt arsenic-mitigation technology, if you perceive Economic 
Risk? (@ 5-point Likert scale) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Strongly Disagree 4 1.2 1.2 1.2 
Disagree 56 16.5 16.5 17.6 
Neutral 54 15.9 15.9 33.5 
Agree 139 40.9 40.9 74.4 
Strongly Agree 87 25.6 25.6 100.0 
Total 340 100.0 100.0  
 
Only 47% of the respondents were willing to adopt arsenic-mitigation technologies 
under perceived social discrimination risk (Table 2.64).  
 
Table 2.64: Frequency distribution of likelihood of adoption of arsenic-mitigation 
under perceived social discrimination risk by the respondents in the surveyed villages 
Would you adopt arsenic-mitigation technology, if you perceive Risk of Social 
exclusion or discrimination? (@ 5-point Likert scale) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Strongly Disagree 16 4.7 4.7 4.7 
Disagree 81 23.8 23.8 28.5 
Neutral 85 25.0 25.0 53.5 
Agree 104 30.6 30.6 84.1 
Strongly Agree 54 15.9 15.9 100.0 
Total 340 100.0 100.0  
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2.1.1.8. Social capital 
A majority (62%) of the respondents were in agreement that Anganwadi was 
functional in their villages (Table 2.65).  
 
Table 2.65: Frequency distribution of respondents’ opinion on the presence and 
functionality Anganwadi in the surveyed villages 
What is your opinion about the presence and functionality of Anganwadi? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Not available 2 .6 .6 .6 
Disagree 105 30.9 30.9 31.5 
Neutral 23 6.8 6.8 38.2 
Agree 210 61.8 61.8 100.0 
Total 340 100.0 100.0  
 
 
Only 16% of the respondents were in agreement that Mahila Samakhya was 
functional in their villages (Table 2.66).  
 
Table 2.66: Frequency distribution of respondents’ opinion on the presence and 
functionality Mahila Samakhya in the surveyed villages 
What is your opinion about the presence and functionality of Mahila 
Samakhya? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Not available 145 42.6 42.6 42.6 
Disagree 98 28.8 28.8 71.5 
Neutral 42 12.4 12.4 83.8 
Agree 55 16.2 16.2 100.0 
Total 340 100.0 100.0  
 
Only 18% of the respondents were in agreement that Self Help Groups were 
functional in their villages (Table 2.67).  
 
46 
 
 
 
Table 2.67: Frequency distribution of respondents’ opinion on the presence and 
functionality of Self Help Group in the surveyed villages 
What is your opinion about the presence and functionality of Self Help Group? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Not available 159 46.8 46.8 46.8 
Disagree 96 28.2 28.2 75.0 
Neutral 24 7.1 7.1 82.1 
Agree 61 17.9 17.9 100.0 
Total 340 100.0 100.0  
 
A vast majority (96%) of the respondents had trust in people outside their family 
(Table 2.68). A majority (68%) of these respondents had trust in 1 to 5 people outside 
of their family. Only 4% of the respondents reported that they do not trust anyone 
outside of their family (Table 2.68).  
 
 
Table 2.68: Frequency distribution of respondents’ trust in others outside their family 
in the surveyed villages 
How many people do you trust outside your family? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
None 15 4.4 4.4 4.4 
1 to 5 230 67.6 67.6 72.1 
>5 95 27.9 27.9 100.0 
Total 340 100.0 100.0  
 
 
A majority (89%) of the respondents agreed that they trust government agencies 
(Table 2.69).  
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Table 2.69: Frequency distribution of respondents’ trust in government agencies in 
the surveyed villages 
Rate your trust in Government agencies 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 30 8.8 8.8 8.8 
Neutral 7 2.1 2.1 10.9 
Agree 303 89.1 89.1 100.0 
Total 340 100.0 100.0  
 
Only 30% of the respondents had trust in non-governmental organizations in the 
surveyed villages (Table 2.70). Half of the (50%) surveyed individuals had no trust in 
non-government organizations (Table 2.70). 
  
Table 2.70: Frequency distribution of respondents’ trust in non-governmental 
agencies in the surveyed villages 
Rate your trust in Non-Governmental Organizations (NGOs) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 170 50.0 50.7 50.7 
Neutral 61 17.9 18.2 69.0 
Agree 104 30.6 31.0 100.0 
Total 335 98.5 100.0  
Missing System 5 1.5   
Total 340 100.0   
 
A majority (80%) of the respondents had trust in Panchayat Raj Institutions in the 
surveyed villages (Table 2.71).  
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Table 2.71: Frequency distribution of respondents’ trust in Panchayat Raj Institutions 
in the surveyed villages 
Rate your trust in Panchayat Raj Institutions (PRIs) 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 50 14.7 14.7 14.7 
Neutral 18 5.3 5.3 20.0 
Agree 272 80.0 80.0 100.0 
Total 340 100.0 100.0  
 
A majority (67%) of the respondents reported that they do not trust private agencies. 
Only 17% of the surveyed individuals reported trust in private agencies (Table 2.72).  
 
Table 2.72: Frequency distribution of respondents’ trust in private agencies 
Rate your trust in Private agencies 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 224 65.9 67.7 67.7 
Neutral 50 14.7 15.1 82.8 
Agree 57 16.8 17.2 100.0 
Total 331 97.4 100.0  
Missing System 9 2.6   
Total 340 100.0   
 
A vast majority (90%) of the respondents in the surveyed villages had trust in 
academicians or scientists (Table 2.73).  
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Table 2.73: Frequency distribution of respondents’ trust in academicians/scientists in 
the surveyed villages 
Rate your trust in Academicians/scientists 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 29 8.5 8.6 8.6 
Neutral 5 1.5 1.5 10.0 
Agree 305 89.7 90.0 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
A vast majority (90%) of the respondents agreed that they participate in panchayat 
activities, such as village related meetings and activities (Table 2.74). 
  
Table 2.74: Frequency distribution of respondents’ degree of agreement to participate 
in panchayat activities in the surveyed villages 
Do you participate in panchayat activities? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 25 7.4 7.4 7.4 
Neutral 9 2.6 2.6 10.0 
Agree 306 90.0 90.0 100.0 
Total 340 100.0 100.0  
 
A majority (65%) of the respondents agreed that their neighbors sought their advice 
and valued their views (Table 2.75).  
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Table 2.75:  Frequency distribution of respondents’ degree of agreement whether 
their neighbors sought advice and value their views in the surveyed villages 
Do your neighbors and others seek your advice and value your views? 
 Frequency Percent Valid Percent Cumulative 
Percent 
Valid 
Disagree 84 24.7 24.8 24.8 
Neutral 33 9.7 9.7 34.5 
Agree 222 65.3 65.5 100.0 
Total 339 99.7 100.0  
Missing System 1 .3   
Total 340 100.0   
 
 
2.1.2. Crosstabs and Chi-Square significance summary 
The gender of the respondents was significantly different (p=0.038) (Table 
2.76) in the three surveyed villages (Appendix II.I).  
 
Table 2.76: Significant Chi-square values of demographics of the surveyed 
respondents 
Sl. No. Demographics variables Chi-square significance 
1 Gender and village 0.038 
2 Age and village 0.049 
3 Caste and village <0.001 
4 Marital status and village 0.015 
5 Education level and village <0.001 
6 Residence period and village 0.049 
 
The age of the respondents were significantly different (p=0.049) in all the 
surveyed villages (Table 2.76) (Appendix II.I). The caste was significantly different 
(p<0.001) in all the three surveyed villages (Table 2.76) (Appendix II.I). Marital 
status of the respondents was significantly different (p=0.015) (Table 2.76) in all the 
three surveyed villages (Appendix II.I). The education level was significantly 
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different (p<0.001) (Table 2.76) among the respondents in the surveyed villages 
(Appendix II.I). The household size of the respondents was equally distributed 
(p=0.569) (Table 2.76) in the surveyed villages (Appendix II.I).  
The occupation of the respondents was significantly different (<0.001) (Table 
2.77) in the surveyed villages (Appendix II.II). 
 
Table 2.77: Significant Chi-square values of household details of the surveyed 
respondents 
Sl. No. Variables Chi-square significance 
1 Occupation and village <0.001 
2 Income group and village <0.001 
3 Agricultural landholdings and village 0.023 
4 Rice cultivation and village <0.001 
5 Pulse cultivation and village <0.001 
6 Potatoes cultivation and village <0.001 
7 Vegetables cultivation and village 0.035 
8 Livestock-Buffalo and village <0.001 
9 Housing status and village 0.001 
 
The income of respondents was significantly different (p<0.001) (Table 2.77) 
in all the surveyed villages (Appendix II.II). The agricultural landholdings was 
significantly different (p=0.024) (Table 2.77) in the surveyed villages (Appendix 
II.II). The respondents who owned cows (p=0.392) and goats (p=0.117) were similar 
across the villages. However, the respondents who owned buffalos were significantly 
different across the surveyed villages (Table 2.77) (Appendix II.II). Rice cultivation 
was significantly different (p<0.001) (Table 2.77) across the surveyed villages. 
Rampur Diara rice cultivation is 1.5 times more common than in Bhawani Tola and 
7.6 times more common than in Suarmarwa (Appendix II.II). Wheat cultivation was 
not significantly different across the villages (p=0.485) (Table 2.77) (Appendix II.II). 
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Maize cultivation was equally distributed across the three villages (p=0.197) 
(Appendix II.II). The respondents of Suarmarwa and Bhawani Tola equally cultivate 
maize, with maize cultivation in both villages approximately 1.5 times more common 
than in Rampur Diara (Appendix II.II). Pulse cultivation is significantly different 
across the three villages (p<0.001) (Table 2.77). Suarmarwa was found to be the 
highest cultivator of pulse, nine times greater than Rampur Diara and 18 times greater 
than Bhawani Tola (Appendix II.II). Only seven respondents (Table 2.20), almost 
equally distributed across the three villages (p=0.908) Table 2.77), cultivate millet 
(Appendix II.II). Potato cultivation was significantly different (p<0.001) across the 
three villages (Table 2.77). Suarmarwa was found to be the highest cultivator of 
potatoes. Only one respondent in Rampur Diara and zero respondents in Bhawani 
Tola cultivate potatoes (Appendix II.II).Vegetable cultivation was significantly 
different across the three villages (p=0.035) (Table 2.77).  Suarmarwa was the highest 
cultivator of vegetables, 2.3 times greater than Rampur Diara and 2.8 times greater 
than Bhawani Tola (Appendix II.II). The housing status was significantly different 
(p=0.001) across the surveyed villages (Table 2.77). The highest numbers of 
respondents of Suarmarwa live in straw made roof house, 2.6 times greater than in 
Rampur Diara and 7 times greater than in Bhawani Tola (Appendix II.II). 
Drinking water sources were significantly different (p<0.001) in the three 
villages (Table 2.78).  Seventy two percent (72%) of Suarmarwa’s population relies 
on public hand pumps. In Rampur Diara and Bhawani Tola, 37% and 40% of the 
population, respectively, relies on hand pumps for drinking water (Appendix II.III). In 
contrast, 58% of the populations of Rampur Diara and 53% of the population of 
53 
 
 
 
Bhawani Tola have private hand pumps for drinking water. In Suarmarwa, only 27% 
of the population has private hand pumps (Appendix II.III). 
 
Table 2.78: Significant Chi-square values of water and sanitation facilities and 
behaviors 
Sl. 
No. 
Variables 
Chi-square 
significance 
1 Sources of drinking water and village <0.001 
2 Sources of cooking water and village <0.001 
3 Sources of bathing water and village <0.001 
4 
Number of family members involved in water 
collection and village 
0.017 
5 Time spent for water collection and village 0.001 
6 Distance from water source and village 0.001 
7 Place for defecation and village <0.001 
8 Hand washing after defecation and village <0.001 
 
Cooking water and bathing water patterns were similar to those of drinking water in 
the surveyed villages, as in rural areas people use same source for drinking, cooking, 
and bathing (Appendix II.III). The respondents of Rampur Diara were the highest 
users of boring, 1.2 times greater than in Suarmarwa and almost equal to boring use in 
Bhawani Tola (Appendix II.III). 
Number of family members involved in water collection was significantly 
different across the three villages (p=0.017) (Table 2.78). Between 5 and 10 family 
members involved in water collection was highest in Suarmarwa (55%) (Appendix 
II.III). Time and distance for water collection is significantly different (p<0.001) 
across the surveyed villages (Table 2.78). The inhabitants in Suarmarwa spent > 10 
minutes and travelled > 50 meters to collect water, 3 times greater than Rampur Diara 
and 3.8 times higher than Bhawani Tola (Appendix II.III). Defecation behavior was 
significantly different in Suarmarwa (p<0.001) than the other two villages (Table 
2.78) (Appendix II.III). Only 13% of respondents use soap or ash for hand washing 
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after defecation, which was significantly different (p<0.001) across the surveyed 
villages (Table 2.78). Ninety seven percent (97%) of Suarmarwa respondents used 
soil, followed by 86% in Rampur Diara and 79% in Bhawani Tola (Appendix II.III). 
Arsenicosis symptoms among the respondents were significantly different 
(p=0.039) across the surveyed villages (Table 2.79). 
 
Table 2.79: Significant Chi-square values of health status of the family members of 
the respondents 
Sl. No. Variables Chi-square significance 
1 Any arsenicosis symptoms in your family 0.039 
2 Other diseases symptoms in your family <0.001 
3 Monthly expenses for arsenicosis treatment  0.033 
4 Monthly expenses for treatment of other diseases <0.001 
 
The other diseases were significantly different (p<0.001) across the surveyed villages 
(Table 2.79). Arsenicosis symptoms and other diseases were more prevalent in 
Suarmarwa than in the other two villages (Appendix II.IV). Expenses for the 
treatment of arsenicosis and other diseases were significantly different among the 
respondents across the three villages (Table 2.79). The expenses for arsenicosis and 
other diseases were higher in Suarmarwa village than in the other two villages 
(Appendix II.IV). 
The ranking of lack of land by the respondents was significantly different 
(p=0.005) across the surveyed villages (Table 2.80). Suarmarwa respondents ranked 
lack of land as their #1 priority, 6 times greater than Rampur Diara and 3.6 times 
greater than Bhawani Tola (Appendix II.V). 
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Table 2.80: Significant Chi-square of prioritization of socio-environmental problems 
 
Sl. No. Variables Chi-square significance 
1 Lack of land and village 0.005 
2 Lack of school and village <0.001 
3 Lack of health facilities and village 0.028 
4 Flood/drought and village 0.01 
5 Water quality and village <0.001 
6 Lack of job and village 0.013 
 
Priority of lack of school among the respondents was significantly different (p<0.001) 
across the surveyed villages (Table 2.80). The respondents of Suarmarwa ranked 1 to 
lack of school at a rate 5 times greater than the respondents of the other two villages 
(Appendix II.V). Respondents prioritization of health facilities was significantly 
different (p=0.028) across the three villages (Table 2.80). The respondents of Rampur 
Diara and Bhawani Tola scored highest to lack of health facilities than the 
respondents of Suarmarwa (Appendix II.V). Respondents prioritization of 
flood/drought was significantly different (p=0.01) across the three villages (Table 
2.80). The respondents of Suarmarwa ranked flood/drought #1 at a rate 4 times 
greater than the respondents of Rampur Diara. None of the Bhawani Tola respondents 
ranked flood/drought as their #1 priority (Appendix II.V). The priorities of water 
accessibility among the surveyed respondents were similar (p=0.111) across the 
surveyed villages (Appendix II.V). The priority of water quality was significantly 
different (p<0.001) across the surveyed villages (Table 2.80). The Suarmarwa 
respondents ranked water quality #1 at a rate 1.4 times greater than the Rampur Diara 
respondents and 1.7 times greater than the Bhawani Tola respondents (Appendix 
II.V). The priority of job was significantly different (p=0.006) across the surveyed 
villages (Table 2.80). The Rampur Diara respondents ranked job availability #1, 2 
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times greater than Suarmarwa respondents (Appendix II.V). The priority of poverty 
was same across the surveyed villages (p=0.413) (Table 2.80). Rampur Diara 
respondents ranked poverty 1, greater than in comparison to the other two villages 
(Appendix II.V). 
Arsenic awareness was significantly different (p=0.037) across the surveyed 
villages (Table 2.81). Knowledge about arsenic in Rampur Diara was 2.4 and 
approximately 2 times greater, respectively, than in Suarmarwa and Bhawani Tola 
(Appendix II.VI). 
 
Table 2.81: Significant Chi-square values of knowledge and attitude toward arsenic 
 
Sl. 
No. 
Variables 
Chi-square 
significance 
1 Do you know what arsenic is? And village 0.037 
2 
Do you know the health impact due to drinking arsenic 
contaminated water? And village 
0.013 
3 
Do you know where to go for voluntary testing for 
arsenicosis? And village 
0.015 
4 
Is your drinking water source contaminated with 
arsenic? And village 
<0.001 
 
Rampur Diara and Bhawani Tola respondents equally knew about the sources of 
arsenic, more so than the Suarmarwa respondents (Appendix II.VI). Respondents’ 
awareness on the knowledge of arsenic was similar (p=0.665) across the surveyed 
villages (Appendix II.VI). A majority (79%) of the respondents never heard about 
arsenic and arsenic related health problems. Respondents’ knowledge on arsenic and 
arsenic related problems was significantly different (p=0.013) across the three villages 
(Table 2.81) and it was highest among the Rampur Diara respondents (Appendix 
II.VI). Respondents’ knowledge on any arsenicosis patients in their community was 
similar (p=0.063) across the surveyed villages (Appendix II.VI).  
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Respondents’ knowledge on whether arsenicosis patients can be cured through 
medicine/herbs was highest in Bhawani Tola, followed by Rampur Diara and 
Suarmarwa (Appendix II.VI), and significantly different across the villages (Table 
2.47). Respondents’ information on where they go for voluntary testing for 
arsenicosis was similar (p=0.090) across the surveyed villages (Appendix II.VI). Out 
of a total five respondents who reported about information on arsenicosis patients in 
their locality, four were from Rampur Diara and one from Suarmarwa (Appendix 
II.VI). Among the 20% respondents who reported that they knew their drinking water 
sources were arsenic contaminated, the majority were from Bhawani Tola, followed 
by Rampur Diara, and Suarmarwa (Appendix II.VI). The knowledge on this issue was 
significantly different (p<0.001) different across the surveyed villages (Table 2.81). 
Respondents’ knowledge on whether their drinking water is contaminated with 
arsenic was similar across the surveyed villages (Appendix II.VI). 
Respondents’ opinion on whether their communities will allow an arsenicosis 
patient to stay in their locality or in their villages was significantly different (p<0.01) 
across the three villages (Table 2.82). The Rampur Diara and Bhawani Tola 
respondents had similar responses on this issue, but were more likely than the 
Suarmarwa respondents to allow an arsenicosis patient to stay in the village 
(Appendix II.VI). 
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Table 2.82: Significant Chi-square values of social behavior of the respondents 
toward arsenicosis patients 
Sl. 
No. 
Variables 
Chi-square 
significance 
1 
Do you think that your community will allow arsenicosis 
patients to stay in the locality/village? And village 
<0.001 
2 
Would you interact with a family having an arsenicosis 
patient? And village 
<0.001 
3 
Would you invite a family having an arsenicosis patient 
during social function? And village 
<0.001 
4 
Would you allow your child to play with a child from a 
family having an arsenicosis patient? And village 
<0.001 
 
Respondents’ opinion on whether they will continue interacting with a family having 
an arsenicosis patient was significantly different (p<0.001) across the surveyed 
villages (Table 2.82). Rampur Diara and Bhawani Tola respondents gave almost equal 
responses, and were 1.4 times more likely than Suarmarwa to continue interacting 
with a family having an arsenicosis patient (Appendix II.VI). Respondents’ opinions 
on whether they would invite a family to a social gathering even if there is any 
arsenicosis patient in that family was significantly different (p<0.001) across the 
surveyed villages (Table 2.82). Rampur Diara and Bhawani Tola respondents were 
2.1 and 1.9 times greater than Suarmarwa respondents, respectively, to invite families 
with an arsenicosis patient to social functions (Appendix II.VI). Opinions of the 
respondents on whether they will allow their children to play with children from a 
family having arsenicosis patients was significantly different (p<0.001) across the 
surveyed villages (Table 2.82). Rampur Diara and Bhawani Tola respondents were 
2.5 and 2.6 times more willing than Suarmarwa respondents, respectively, to allow 
their children to play with children from a family with an arsenicosis patient 
(Appendix II.VI). Respondents’ opinion on whether they would take an arsenicosis 
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patient to a health center was similar across the three surveyed villages (Appendix 
II.VI). 
Willingness to pay for arsenic-free water was significantly different (<0.001) 
across the surveyed villages (Table 2.83). Surprisingly, even with low incomes, the 
Suarmarwa respondents were 2.1 and 3.3 times more willing than Rampur Diara and 
Bhawani Tola respondents, respectively, to pay >Rs.25 (Appendix II.VI). 
 
Table 2.83: Significant Chi-square values of respondents’ willingness to pay for and 
preferences to arsenic-mitigation technologies 
Sl. 
No. 
Variables 
Chi-square 
significance 
1 
How much you are willing to pay for arsenic-free 
drinking water? And village 
<0.001 
2 
What do you think about Arsenic Treatment Unit as a 
convenient and feasible source of Arsenic-free water? 
0.092 
3 
What do you think about Deep Tube Well as a convenient 
and feasible source of Arsenic-free water? 
0.005 
4 
What do you think about Open Well/Dug Well as a 
convenient and feasible source of Arsenic-free water? 
0.016 
5 
What do you think about Piped Water Supply Systems as 
a convenient and feasible source of Arsenic-free water? 
<0.001 
6 
What do you think about Rainwater Harvesting Systems 
as a convenient and feasible source of Arsenic-free water? 
0.197 
 
Respondents’ opinion on the preference of arsenic treatment units as a convenient and 
feasible source of arsenic-free water was similar across the surveyed villages 
(p=0.092) (Table 2.83). Respondents’ preference for deep tube well was significantly 
different (p=0.005) across the surveyed villages (Table 2.83). The Suarmarwa 
respondents preferred deep tube wells as a convenient and feasible source of arsenic-
free water 1.9 and 3.5 times more than Rampur Diara and Bhawani Tola respondents, 
respectively (Appendix II.VI). Respondents’ preference for open dug well was 
significantly different (p=0.015) across the surveyed villages (Table 2.83). The 
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Suarmarwa respondents preferred open dug well as a convenient and feasible source 
of arsenic-free water 2.1 and 2.7 times more than Rampur Diara and Bhawani Tola 
respondents, respectively (Appendix II.VI). Respondents’ preference for piped water 
supply systems was significantly different (p<0.001) across the surveyed villages 
(Table 2.83). The Rampur Diara and Bhawani Tola respondents preferred piped water 
supply systems as a convenient and feasible source of arsenic-free water 5 times more 
than Suarmarwa respondents (Appendix II.VI).  
Willingness to adopt arsenic-mitigation under perceived health risk was 
significantly different across the surveyed villages (p=0.006) (Table 2.84). The 
agreement to adopt arsenic-mitigation technologies under perceived health risk was 
highest in Rampur Diara (93%), followed by Suarmarwa (90%) and Bhawani Tola 
(89%) (Appendix II.VII). The residual analysis explicates that the agreement were 
similar across the surveyed villages however, the disagreement to adopt arsenic-
mitigation technologies under perceived health risk was significantly different across 
the surveyed villages (Appendix II.VII). 
 
Table 2.84: Significant Chi-square values of respondents’ willingness to adopt 
arsenic-mitigation technologies under perceived risks 
Sl. 
No. 
Variables 
Chi-square 
significance 
1 
Would you adopt arsenic-mitigation technology, if you 
perceive Risk to Health? And village 
0.006 
2 
Would you adopt arsenic-mitigation technology, if you 
perceive Economic Risk? And village 
<0.001 
3 
Would you adopt arsenic-mitigation technology, if you 
perceive Risk of Social exclusion or discrimination? And 
village 
<0.001 
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Willingness to adopt arsenic-mitigation under perceived economic risk was 
significantly different across the surveyed villages (p<0.001) (Table 2.84). The 
agreement to adopt arsenic-mitigation under perceived economic risk was highest in 
Rampur Diara (38%), followed by Suarmarwa (33%) and Bhawani Tola (29%) 
(Appendix II.VII). Willingness to adopt arsenic-mitigation under perceived social 
discrimination risk was significantly different across the surveyed villages (p<0.001) 
(Table 2.84). The agreement to adopt arsenic-mitigation under perceived social 
discrimination risk was almost equal in the respondents of Suarmarwa and Rampur 
Diara (37% each), both higher than Bhawani Tola respondents (26%) (Appendix 
II.VII).  
Respondents’ degree of agreement to the presence and functionality of 
Anganwadi was similar across the surveyed villages (p=0.355) (Table 2.85) 
(Appendix II.VIII). 
 
Table 2.85: Significant Chi-square values of social capital attributes of the 
respondents 
Sl. 
No. 
Variables 
Chi-square 
significance 
1 
What is your opinion about the presence and the 
functionality of Anganwadi? And village 
0.355 
2 
What is your opinion about the presence and the 
functionality of Mahila Samakhya? And village 
<0.001 
3 
What is your opinion about the presence and the 
functionality of Self Help Group? And village 
<0.001 
4 
Do your neighbor and others seek your advice and value 
your view? And village 
0.008 
 
Respondents’ degree of agreement to the presence and functionality of Mahila 
Samakhya was significantly different (p<0.001) across the surveyed villages (Table 
2.85). Forty three percent (43%) of the respondents reported that Mahila Samakhya 
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was not available in their villages (Table 2.85). Suarmarwa respondents were 3 and 13 
times more likely than Rampur Diara and Bhawani Tola respondents, respectively, to 
report agreement to the presence and functionality of Mahila Samakhya (Appendix 
II.VIII). Respondents’ degree of agreement to the presence and functionality of Self 
Help Groups was significantly different (p<0.001) across the surveyed villages (Table 
2.85). Forty seven percent (47%) of the respondents reported that Self Help Group 
was not available in their villages (Table 2.85). Suarmarwa respondents were 1.9 and 
3.8 times more likely than Rampur Diara and Bhawani Tola respondents, respectively, 
to report agreement to the presence and functionality of Self Help Groups (Appendix 
II.VIII). Respondents’ trust in others was significantly different (p=0.007) across the 
surveyed villages (Table 2.85). Respondents reporting trust in 1 to 5 people were 
equally distributed in Suarmarwa and Rampur Diara, both greater than in Bhawani 
Tola (Appendix II.VIII). Respondents’ trust in government agencies was similar 
across the surveyed villages (p=0.052) (Table 2.85, Appendix II.VIII). The degree of 
agreement to trust in non-governmental organization was significantly different 
(p<0.001), but higher in Rampur Diara and Bhawani Tola respondents than 
Suarmarwa respondents (Appendix II.VIII). The degree of agreement to trust in 
Panchayat Raj Institutions was significantly different (p<0.040) (Table 2.85), and 
higher in Suarmarwa respondents than in Rampur Diara and Bhawani Tola 
respondents (Appendix II.VIII). The degree of trust in private agencies was 
significantly different (p=0.018) (Table 2.85), and highest in Rampur Diara, followed 
by Bhawani Tola, and Suarmarwa respondents (Appendix II.VIII). The degree of trust 
in academicians/ scientists was significantly different (p<0.001) (Table 2.85), and 
highest in Rampur Diara and Bhawani Tola respondents (Appendix II.VIII). The 
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degree of participation in panchayat activities by the surveyed individuals was similar 
across the villages (Appendix II.VIII). The degree of agreement to this question was 
similar (p=0.114) across the surveyed villages (Appendix II.VIII). 
 
2.2. Conclusion 
All respondents in the surveyed villages were Hindu. A majority of the 
respondents were male, elderly (>40 years), married, Backward Caste, had lower 
APL, and had no landholdings. Except household size and age (because the Chi-
square significance was close to 0.05), all other socioeconomic and demographics 
factors were significantly different across the surveyed villages. Participation of 
female respondents was significantly higher in Suarmarwa than in Rampur Diara and 
Bhawani Tola villages. The respondents of the most socially vulnerable Scheduled 
Caste (untouchables) were similar across the villages. However, the Backward Caste 
respondents were significantly different across the three surveyed villages. Forward 
Caste respondents were significantly different between Rampur Diara and Bhawani 
Tola. Single respondents were significantly higher in Rampur Diara than Suarmarwa 
and Bhawani Tola. Whereas, married respondents were significantly different to each 
other only in Rampur Diara and Bhawani Tola. A majority of the respondents of 
Suarmarwa were illiterate and were significantly higher than Rampur Diara and 
Bhawani Tola. The respondents with a primary education were equally distributed 
across the surveyed villages. However, the respondents with secondary and college 
education were significantly higher in Rampur Diara and Bhawani Tola than the 
respondents of Suarmarwa. This analysis suggests that Suarmarwa needs immediate 
education development programs. 
64 
 
 
 
The unemployed respondents were significantly higher in Suarmarwa than in 
the other two villages. The daily wage laborers respondents were higher in 
Suarmarwa but significantly different with only the respondents of Rampur Diara. 
The respondents who practice agriculture and those have jobs were two times and 
three times higher in Rampur Diara and Bhawani Tola than the respondents of 
Suarmarwa, respectively. The BPL respondents were respectively six times and 
thirteen (13) times higher in Suarmarwa than in Rampur Diara and Bhawani Tola, 
respectively. Surprisingly the respondents with landholdings were higher in 
Suarmarwa than in the other two villages. It is important to mention here that the 
majority of the lands in Suarmarwa were non-agricultural, as the village resides at the 
bank of the River Son and the soil is sandy. The two poorest housing structures, straw 
constructed and thatched roof house, were higher in Suarmarwa than in the other two 
villages.  
The respondents use public hand pumps and private hand pumps equally for 
drinking and cooking purposes in the surveyed villages. A majority of the respondents 
reported that ≤5 family members were involved in water collection; they spent ≤10 
minutes and travelled ≤50 m to collect water, defecate in the open environment, and 
use soil to wash their hands after defecation. In Suarmarwa the involvement of family 
members to collect drinking water was significantly higher than in the other two 
surveyed villages. Consequently, they spent high amount of time to collect water. It is 
not clear that involvement of higher number of family members in water collection 
activities in Suarmarwa is because of the availability of family members at home due 
to the high unemployment rate, high poverty, and low literacy rate in the village or, 
because of the cultural differences among the villages.  
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A majority of the respondents agreed that only Anganwadi was present and 
functional in their villages, they had trust in government agencies, Panchayat Raj 
Institutions, and academics/scientists, they trust 1 to 5 people outside their families, 
participate in panchayat activities, and other sought their advice and value their views. 
A majority of the surveyed respondents could be characterized as marginalized. 
Suarmarwa was more disadvantaged with regard to education, poverty, health, and 
unemployment. 
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CHAPTER-III 
Geogenic groundwater arsenic contamination, human health risks, and socioeconomic 
correlates in the mid-Gangetic Plain 
Abstract 
A total of 157 drinking water sources in three villages of Maner block of Patna 
district, Bihar in the mid-Gangetic Plain near the confluence of the River Ganges and 
the River Son were tested for arsenic contamination using field-tests kits and spot-
checked using atomic absorption spectrometry. In addition, 340 households 
comprising a total population of 2500 in three villages were randomly surveyed for 
socioeconomic and demographic information and to assess health conditions within 
the communities. The geochemical data and survey data were used to identify at-risk 
populations due to arsenic exposure, determine relative risks and odds ratio of visible 
arsenicosis and other disease symptoms, hazard quotient (HQ), and cancer risks. 
Hotspots and coldspots of HQ were also mapped.  
Arsenic levels exceeding the WHO and the BIS standards (max=300µg/L) 
were found in all three villages. The shallow aquifers (≤50 m) were arsenic 
contaminated, but the deeper aquifers (>50 m) were arsenic-free. The sampling sites 
span a range of topographic elevations. All of the contaminated wells are 10 to 15 
years older than the arsenic-free wells, and elevated arsenic levels correlate with the 
well depth. The HQ and cancer risks for children in all three villages were high and 
very high, respectively. However, the hotspots of HQ were confined to Bhawani Tola. 
Suarmarwa experienced higher relative risks of arsenicosis and other health problems 
because of its demographics and the poor socioeconomic conditions. Suarmarwa was 
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the most vulnerable village and warrants immediate arsenic-mitigation and health 
interventions. 
 
Key words: Arsenic, at-risk population, socioeconomic, demographic, hazard 
quotient, cancer risk, hotspots, MGP, policy 
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3. Introduction 
Geogenic groundwater arsenic contamination is referred to as “the biggest 
global mass poisoning in human history,” with particularly severe health impacts in 
South Asian countries (Nordstrom 2002, Rahman, Mondal et al. 2014, Singh and 
Vedwan 2015). Alleviating arsenic contamination presents a major challenge to 
researchers, communities, and policy makers. Approximately three decades ago, 
millions of hand pumps were installed in Bangladesh and India to extract shallow 
groundwater for domestic use (Opar, Pfaff et al. 2007). At the time this was viewed as 
a safe alternative to unhygienic surface water sources and a means to protect millions 
of people from diarrhea and other from water-borne diseases (Opar, Pfaff et al. 2007, 
Singh and Vedwan 2015).  However, these wells contain arsenic-contaminated water, 
as uncontrolled groundwater extraction altered the redox conditions of the aquifers 
(Nickson, McArthur et al. 2000, Opar, Pfaff et al. 2007). The uncontrolled 
groundwater extractions introduce fresh oxygen to the aquifers and decompose the 
arsenic-rich pyrite minerals and releases arsenic to groundwater according to the 
following equation (Nickson, McArthur et al. 2000, Naidu, Smith et al. 2006): 
 
Equation 3.1: Arsenic mobilization in the groundwater 
 (𝑭𝒆𝑺 − 𝑨𝒔)(𝒔) + 𝟕 𝟐𝑶𝟐⁄ + 𝑯𝟐𝑶 = 𝑭𝒆
𝟑+ + 𝑺𝑶𝟒
𝟐− + 𝑨𝒔𝑶𝟒
𝟑− + 𝟐𝑯+             
 
The impacts of arsenic hazards on human health are exacerbated by 
socioeconomic conditions (Curry, Organization et al. 2000, Singh and Vedwan 2015). 
In most cases impoverished populations are the most vulnerable to elevated levels of 
arsenic in drinking water (Curry, Organization et al. 2000, Singh and Vedwan 2015). 
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The causal effect of groundwater and surface water arsenic contamination have been 
linked to the natural geochemical processes and anthropogenic activities such as 
mining, and application of arsenic-bearing fertilizers and pesticides (Mukherjee, 
Sengupta et al. 2006, Ravenscroft, Brammer et al. 2009). Naturally occurring arsenic 
in groundwater, primarily induced by the over-withdrawal through the hand pumps, is 
common in India and other South Asian countries like Bangladesh, Nepal, and 
Pakistan (Smedley and Kinniburgh 2002, Singh and Vedwan 2015). 
Arsenic is a group ‘A’ carcinogen, also known as a hepatotoxic, hematotoxic, 
and genotoxic element (IARC-WHO 1999, IARC-WHO 2001). It occurs in five 
valence states, among which arsenic III (arsenite: the most toxic form) and arsenic V 
(arsenate) are the most abundant compounds in groundwater (Ravenscroft, Brammer 
et al. 2009). Exposure to arsenic in drinking water and food induces carcinogenic and 
non-carcinogenic health effects and has been linked to several diseases (Phan, 
Sthiannopkao et al. 2010, Singh 2011, Singh, Ghosh et al. 2014). Children are 
particularly susceptible to arsenic-induced health issues such as significant reduction 
in their IQ levels, among other ailments (Nahar, Inaoka et al. 2014, Wasserman, Liu 
et al. 2014). 
In the MGP, about 87% of the tested groundwater sources were found to be 
contaminated with arsenite (Mukherjee, Scanlon et al. 2012). However, this finding 
has attracted little attention among the scientific communities and in news media in 
this region (Singh and Vedwan 2015).  The study area sits within the arsenic-
contaminated region consisting of the Bangladesh, Nepal, and the Indian states of 
West Bengal, Jharkhand, and Uttar Pradesh (Figure 3.1). India follows the World 
Health Organization’s (WHO) old standard, set in 1963, of 50µg/L of arsenic for 
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drinking water (Yamamura 2001, Singh and Vedwan 2015). However, the Bureau of 
Indian Standards (BIS) has set an acceptable limit of 10µg/L of arsenic in treated 
drinking water (BIS 2012). 
 
Figure 3.1: Arsenic contaminated community blocks of Bihar, India and neighboring 
regions  
Groundwater arsenic contamination in Bihar was first detected a decade ago in 
the Bhojpur district (Chakraborti, Mukherjee et al. 2003), followed by Patna, Vaishali, 
and Bhagalpur districts in 2004 (Ghosh, Singh et al. 2009), and has now been 
observed in a total of 22 of 38 districts (Singh, Ghosh et al. 2014). The remaining 16 
districts have either not been investigated or results are not yet reported in mainstream 
scientific literature. There exists a wide spatial distribution of arsenic contamination 
in the groundwater in the region with arsenic levels of >1000µg/L, 20 times higher 
than the WHO standard, in four major districts, all within the 10 km of the River 
Ganges (Ghosh, Singh et al. 2009, Singh and Vedwan 2015). 
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About 12 million inhabitants have been reported as at-risk in the study area 
(Singh, Ghosh et al. 2014, Singh and Vedwan 2015). However, the total exposed 
population and the consequences of exposure are still unknown in Bihar. Previous 
studies have addressed health impacts due to consuming arsenic-contaminated water 
and food (Chakraborti, Mukherjee et al. 2003, Singh 2011, Singh and Ghosh 2011, 
Singh and Ghosh 2012, Singh, Ghosh et al. 2014). Only three published studies have 
addressed the demographics and socioeconomic conditions in the arsenic 
contaminated areas in the region (Singh and Ghosh 2012, Singh, Ghosh et al. 2014, 
Singh and Vedwan 2015). However, no household-level socioeconomic and 
demographic surveys have been reported in this region. Moreover, easily interpretable 
presentation of results for decision-makers in the form of statistical models or GIS 
maps is lacking (Singh and Vedwan 2015).   
A recent study presented a composite vulnerability index and GIS-based 
vulnerability map for the arsenic contaminated areas and the communities living in 
those areas (Singh and Vedwan 2015). This map could be helpful for decision-makers 
to prioritize areas for arsenic-mitigation programs and predict the probability of 
success of an arsenic-mitigation policy in a given area. Similarly, quantifying and 
mapping the Hazard Quotient (HQ) and the cancer risks due to the consumption of 
arsenic contaminated water would help health professionals to prioritize the at-risk 
areas, select communities for epidemiological studies, and for policy makers to 
prioritize arsenic-mitigation policies.  Moreover, health surveys in arsenic 
contaminated areas would help identify the people exposed to elevated levels of 
arsenic, and those who are susceptible to other diseases as well, contributing to their 
overall vulnerability (Singh and Vedwan 2015). 
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The objectives of this study are to: a) evaluate the current arsenic 
contamination levels in the drinking water sources in the surveyed villages adjacent to 
the River Ganges and the River Son; b) derive at-risk and exposed population, HQ 
and cancer risks due to arsenic exposure; c) conduct socioeconomic, demographic and 
health surveys in the surveyed villages; and d) assess relationships between 
socioeconomic and demographic factors with arsenic-induced symptoms and other 
diseases. 
3.1. Materials and Methods 
This study investigated three villages, Suarmarwa, Rampur Diara, and 
Bhawani Tola, in the Maner block of Patna district of Bihar, India. Maner block is one 
of the worst arsenic affected blocks in Bihar (SOES 2004, Singh 2011, Singh and 
Ghosh 2012). Groundwater drinking sources in most of the villages of this block, 
which are close to the River Ganges, have elevated levels of arsenic (SOES 2004, 
Singh 2011, Singh and Ghosh 2012). Neither Suarmarwa nor Bhawani Tola has been 
explored for arsenic contamination. Bhawani Tola is bordered by the River Ganges to 
the north. Rampur Diara and Suarmarwa are situated on the bank of the River Son 
(Figure 3.2). To sample over a large area and investigate the maximum number of 
drinking water sources possible, we used reliable and pre-tested field test-kits for 
arsenic analysis, as described below. 
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Figure 3.2: Project area: villages covered in Maner block of Patna city, Bihar, India 
3.1.1. Arsenic testing 
Several arsenic field test-kits have been widely used for initial screening of 
arsenic contamination in drinking water (Nickson, Sengupta et al. 2007, Ghosh, Singh 
et al. 2009, George, Sima et al. 2014, van Geen, Win et al. 2014). We used an arsenic 
field test-kit (FTK) developed by the National Chemical Laboratory (NCL), Pune, 
India, which is a constituent laboratory of the Council of Scientific and Industrial 
Research (CSIR), Government of India. The protocol to use NCL-FTK for field 
studies has been approved by the Government of Bihar, the Government of Uttar 
Pradesh, and United Nations Children’s Fund (UNICEF), for detection of arsenic over 
large areas (Nickson, Sengupta et al. 2007, Ghosh, Singh et al. 2009). The NCL-FTK 
detects arsenic levels between 10 µg/L and 110 µg/L, with an approximately 15 
minute reaction period and a cost of $0.83/sample (based on 2013 USD rate) (NCL 
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2002). When arsenic levels exceed 110 µg/L, water samples must be analyzed by 
Atomic Absorption Spectrophotometry (AAS) or Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS). A detailed description of the kits is given in Nickson, 
Sengupta et al. 2007. The accuracy of the kits was found to be 67% (i.e., R2=0.67, 
number of samples =10) when arsenic concentrations measured with NCL-FTK was 
compared with arsenic concentrations measured using AAS (Figure 3.3) (Ghosh, 
Singh et al. 2009).  
The NCL-FTK contains a cotton plug saturated with lead acetate, whose 
purpose is to filter impurities and only allow arsenic gas to pass through. The cotton 
plug was replaced with a fresh plug after every 10 measurements and monitored for 
color after every measurement. High arsenic concentration causes the cotton plug to 
turn black, in which case the plug is immediately replaced. After every 20 
measurements a known arsenic concentration standard solution was measured to cross 
check the kits’ performance. 
A total of 157 drinking water sources (Suarmarwa=57, Rampur Diara=50, 
Bhawani Tola=50) were collected from hand pumps (154) and deep borings (3) and 
tested using the NCL-FTK. Geographical coordinates for 88 sources were collected 
using a RICOH Caplio 500 SE Global Positioning System (GPS) Enabled Digital 
Camera. However, because of poor satellite signals, we could not record the 
coordinates for 69 sources. Consequently, only 88 water samples were used for all 
GIS mapping and analysis. Depths of hand pumps, as reported by the households, 
were also noted. The depths of hand pumps are generally measured by number of 
pipes used in hand pumps installation and the length of a filter used. The standard size 
of one pipe was 20 feet and the length of a filter may vary between 5 feet and 10 feet. 
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We conducted a quality-control check of the NCL-FTK results using AAS analysis. A 
total of 22 drinking water sources were selected randomly from the Rampur Diara and 
Bhawani Tola sample sites and preserved following the standard protocol for AAS 
analysis (Nickson, Sengupta et al. 2007). A unique sample ID code for each water 
sample was assigned. The 22 water samples were sent to the Sriram Institute for 
Industrial Research (An ISO-9001:2008 certified Institute in Delhi, India). Ten of the 
22 samples tested by AAS were also tested using NCL-FTK (Table 3.1). The 
remaining 12 AAS samples were not analyzed using the NCL-FTK, but the AAS 
results are presented here (Table 3.2). The results from the 10 cross-checked NCL-
FTK and AAS analyses were compared using simple bivariate regression correlation 
using SPSS version 21 for Windows (IBM 2012, Warner 2012) (Table 3.1, Figure 
3.3).  
 
Table 3.1: Comparison of NCL-FTK and AAS arsenic concentrations 
Sample NCL-FTK (µg/L) AAS (µg/L) 
1 BDL (<10µg/L) BDL (<5µg/L) 
2 60 70 
3 50 70 
4 40 40 
5 50 60 
6 BDL (<10µg/L) BDL (<5µg/L) 
7 40 40 
8 50 50 
9 70 80 
10 40 10 
*BDL = below detection limit; for FTK: <10 µg/L and for AAS <5µg/L 
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Figure 3.3: Comparison of FTK and AAS tested results of arsenic contamination in 
water samples 
 
We found a better correlation between the kits and the AAS results (R2=0.82) 
than previously reported (R2=0.67) (Table 3.1).  The BDL values were treated as zero 
(0) in the correlation analysis. Given the available cross-checks between NCL-FTK 
and AAS, +30 (false positive, in one case) and -20 (false negative, in one case) were 
associated with the NCL-FTK value with an average error of -2 (false negative). Even 
with the error bars, the NCL-FTK data still allows us to determine clean water (As 
levels below detection limit), moderate (10-50µg/L), and high (>50µg/L) levels of 
arsenic.  
3.1.2. Population at-risk and population exposed to arsenic 
We define an “at risk” population as one whose members consume arsenic 
contaminated drinking water and “population exposed” as one whose members have 
access to the arsenic contaminated drinking water sources with arsenic levels greater 
than the WHO (10µg/L) and the BIS (50µg/L) standards (Nickson, Sengupta et al. 
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2007). At-risk population size was derived by multiplying the average household size 
with the number of contaminated water sources. A general expression of the equation 
is: 
Equation 3.2: Population at risk to arsenic 
𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒂𝒕 𝒓𝒊𝒔𝒌 = 𝑻𝒐𝒕𝒂𝒍 𝒑𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒄𝒐𝒗𝒆𝒓𝒆𝒅𝑨𝒔 ×
% 𝒐𝒇 𝒔𝒐𝒖𝒓𝒄𝒆𝒔 𝒄𝒐𝒏𝒕𝒂𝒎𝒊𝒏𝒂𝒕𝒆𝒅 𝒘𝒊𝒕𝒉 𝒂𝒓𝒔𝒆𝒏𝒊𝒄               
 
where, total population coveredAs= total population using the tested water sources. 
Population exposed was calculated by multiplying total population of the villages by 
the percent of sources contaminated with arsenic in that village. A general expression 
of the equation is as follows: 
Equation 3.3: Population exposed to arsenic 
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑜𝑠𝑒𝑑 = 𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑖𝑙𝑙𝑎𝑔𝑒 ×
% 𝑜𝑓 𝑠𝑜𝑢𝑟𝑐𝑒𝑠 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑤𝑖𝑡ℎ 𝑎𝑟𝑠𝑒𝑛𝑖𝑐      
 
The population exposed was derived for both the > 10µg/L (WHO) and > 50µg/L 
(BIS) standards for arsenic-contaminated water. 
3.1.3. Hazard Quotient (HQ) or Hazard Index (HI) and cancer risk assessment to 
due to the consumption of arsenic 
Arsenic-related cancer risks to children and adults in the study area and HQ 
values were calculated applying the United States Environmental Protection Agency’s 
method (USEPA 1999). The application of this method to arsenic-affected 
communities requires arsenic concentration data, per capita consumption of water, 
average body weight of children and adults, potency factor and the reference dose for 
arsenic (Singh and Ghosh 2012, Singh, Ghosh et al. 2014). General expressions of the 
equations used to derive cancer risk (Eq. 3.4 to 3.6) and HQ (Eq. 3.7) are as follows: 
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Equation 3.4: Average total dose of arsenic 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑜𝑡𝑎𝑙 𝑑𝑜𝑠𝑒 (𝑚𝑔) = 𝐴𝑠𝑤𝑎𝑡𝑒𝑟 × 𝐼𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (
𝐿
𝑑𝑎𝑦
)                                    
where Aswater is the arsenic concentration in drinking water in units of mg/L. 
 
Equation 3.5: Chronic daily intake of arsenic 
𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝑑𝑎𝑖𝑙𝑦 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑚𝑔|𝑘𝑔|𝑑𝑎𝑦) =
𝐴𝑇𝐷(𝑚𝑔)
𝐵𝑜𝑑𝑦𝑤𝑒𝑖𝑔ℎ𝑡(𝑘𝑔)
                             
where ATD is the average total does from equation 3.4 
 
Equation 3.6: Cancer risk due to arsenic 
𝐶𝑎𝑛𝑐𝑒𝑟 𝑟𝑖𝑠𝑘 = 𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝑑𝑎𝑖𝑙𝑦 𝑖𝑛𝑡𝑎𝑘𝑒 × 𝑃𝑜𝑡𝑒𝑛𝑐𝑦 𝑓𝑎𝑐𝑡𝑜𝑟                
 
The potency factor or slope factor is defined by the US Environmental Protection 
Agency’s Integrated Risk Information Systems (USPA-IRIS) as “the result of 
application of a low-dose extrapolation procedure to estimate cancer health risk due to 
consumption of carcinogenic substance”(USEPA 1999, IRIS-USEPA 2015). The 
potency factor or slope factor for arsenic through oral route is 1.5 and the unit is 
(mg/kg)/day (USEPA 1999, IRIS-USEPA 2015). 
 
Equation 3.7: Hazard Quotient (HQ) 
𝐻𝑎𝑧𝑎𝑟𝑑 𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 (𝐻𝑄) = 𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝑑𝑎𝑖𝑙𝑦 𝑖𝑛𝑡𝑎𝑘𝑒 × 𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑑𝑜𝑠𝑒 𝑓𝑜𝑟 𝑎𝑟𝑠𝑒𝑛𝑖𝑐      
 
The USPA-IRIS derived oral reference dose of arsenic for health risk assessment and 
it is defined as “an estimate of a daily exposure to the human population, including 
sensitive subgroups, that is likely to be without an appreciable risk of deleterious 
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effects during a lifetime” (USEPA 1999, IRIS-USEPA 2015) The unit measurement 
of reference dose is mg/kg body weight/day (IRIS-USEPA 2015). 
3.1.4. Socioeconomic-demographic and health survey 
A detailed survey administration procedure is explained in Chapter I. In brief, 
a total of 340 households (Suarmarwa=111), (Rampur Diara=119), and (Bhawani 
Tola=110), comprising a total population of about 2500 adults were surveyed 
applying a random stratified sampling technique. The survey elicited information on 
population demographics, socioeconomic factors, water and sanitation status, and 
health status. Information on health symptoms was noted based on observations (and 
photographically documented with the individuals’ consent) and reported by the 
respondents. Indicators of arsenicosis symptoms include persistent itching, skin 
pigmentation and cracking (WHO 1981). Symptoms of diseases other than arsenicosis 
were reported by the respondents (Table 3.9), and observable symptoms were 
recorded. However, no clinical investigations were performed to identify the 
underlying causes. 
3.1.5. Statistical analysis 
Survey data was recorded using Microsoft Excel spreadsheet version 2010 and 
then transferred into SPSS for statistical analysis (IBM 2012). A crosstabs analysis 
was performed between arsenic concentration (NCL-FTK results) and the villages 
surveyed to check the independence. A bivariate analysis was executed to derive 
correlations between the variables. Relative risks and odds ratio of arsenicosis and 
other diseases symptoms were derived for the surveyed villages using the Risk 
Estimate tool in SPSS. Generic equations to calculate relative risks and odds ratio are 
presented below: 
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Equation 3.8: Relative Risks 
 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑅𝑖𝑠𝑘𝑠 =  
𝜋1
𝜋2
                   
Equation 3.9: Odds Ratio 
𝑂𝑑𝑑𝑠 𝑅𝑎𝑡𝑖𝑜 =
 𝜋1/(1−𝜋1)
𝜋2/(1−𝜋2)
                   
The relative risks is the ratio of probabilities of events will occur, event1 (π1) vs. 
event 2(π2) (Warner 2012, Agresti 2013). Odds of an event, in this case odds of 
arsenicosis or other diseases, are the probability that an event will occur to the 
probability that it will not occur, and odds ratio is ratio of two odds of different events 
(π1 and π2) (Warner 2012, Agresti 2013). 
3.1.6. GIS mapping and data analysis 
Arc Geographical Information Systems (ArcGIS) Desktop version 10.1 (ESRI 
2012) was used to create several maps. Block level shapefiles were obtained from the 
Central Groundwater Board, Mid-Eastern Region, Patna, Bihar, India (personal 
communication with Dr. Dipankar Saha, Regional Director, on December 26, 2013). 
A hardcopy of the village map of the Maner block was obtained from the Bihar 
Census Bureau, India. The village map was scanned, digitized, and georeferenced to 
generate village layers. A RICOH GPS Enabled Camera was used to photograph 
water sources and enter their geographical coordinates into shapefiles using the GPS 
Photo-Link program. Only 88 of 157 water sources were processed in this manner due 
to weak satellite signals or failure of the GPS Photo-Link program to process the 
coordinate. Other information such as arsenic concentration in the water source and 
elevation of the water source was entered into the attribute table. This data was used 
to generate a contour surface of arsenic concentrations within the wells. The Hotspots 
Analysis Tool in ArcGIS was used to create a map of statistically significant spatial 
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clusters of “hot spots” (high values) and “cold spots” (low values). This tool uses 
Getis-Ord Gi* statistic and produces z-scores and p-values. A positive z-score 
represents a hotspot and a negative z-score represents a coldspot (ESRI 2012). The p-
values are the probability of obtaining the expected results at 90%, 95%, and 99% 
significance levels. 
3.2. Results 
3.2.1. Groundwater arsenic contamination in the surveyed villages 
The AAS analysis results of 22 groundwater samples are given in Table 3.2. 
Rampur Diara had a maximum arsenic concentration of 300 µg/L. This is 
substantially higher than the maximum of 103 µg/L observed in a previous study in 
this village (Singh 2011, Singh and Ghosh 2012). The next highest level, 250µg/L, 
was measured in Bhawani Tola (Table 3.2).  
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Table 3.2: Atomic Absorption Spectrophotometric test results of groundwater 
samples 
Sample No. 
Village name AAS test results 
arsenic in µg/L 
1 Rampur Diara 5< 
2 Rampur Diara 70 
3 Rampur Diara 80 
4 Rampur Diara 80 
5 Rampur Diara 70 
6 Rampur Diara 40 
7 Rampur Diara 70 
8 Rampur Diara 20 
9 Rampur Diara 60 
10 Rampur Diara <5 
11 Rampur Diara 300 
12 Rampur Diara 40 
13 Rampur Diara 40 
14 Rampur Diara <5 
15 Rampur Diara 5< 
16 Bhawani Tola 80 
17 Rampur Diara 40 
18 Rampur Diara 40 
19 Rampur Diara 50 
20 Bhawani Tola 250 
21 Rampur Diara 10 
22 Rampur Diara 30 
Min  < 5 
Max  300 
Mean  62 
Std. Dev.  75 
 
Out of the total of 157 groundwater sources tested by the NCL-FTK, 39 of 57 
sources in Suarmarwa (68 %), 31 of 50 sources in Rampur Diara (62%), and 18 of 50 
sources in Bhawani Tola (36%) were below the detection limit (BDL) of 10µg/L 
(Table 3.3). Two sources (4%) in Rampur Diara and two in Bhawani Tola (4%) had 
arsenic concentrations near the WHO standard of 10µg/L. Similar numbers (and 
percentages) of water sources in the three villages, 13 (22.8%) in Suarmarwa, 11 
(22%) in Rampur Diara, and 10 (20%) in Bhawani Tola, had arsenic levels between 
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the WHO standard of 10µg/L and the BIS standard of 50µg/L (Table 3.3). Bhawani 
Tola village had 20 contaminated water sources (40%) with more than 50µg/L of 
arsenic (Table 3.3). The average concentration of arsenic (NCL-FTK data) in drinking 
water was 14 µg/L in Suarmarwa, 17 µg/L in Rampur Diara, and 38 µg/L in Bhawani 
Tola, and the arsenic levels in all the three villages were significantly different to each 
other (p=0.001) (Table 3.3).  
 
Table 3.3: Distribution of arsenic concentration and well depths 
Village Arsenic (p=0.001) Depth (p=0.322) 
 BDL <10µg/L 
11 to 
50 µg/L 
>51 
µg/L 
0 to 
20m 
20 to 50m >50m 
Suarmarwa 39 (68%) 0 (0%) 13 (23%) 5 (9%) 3 (5%) 54 (95%) 0 (0%) 
Rampur 
Diara 
31 (62%) 2 (4%) 11 (22%) 6 (12%) 3 (6%) 45 (90%) 2 (4%) 
Bhawani 
Tola 
18 (36%) 2 (4%) 10 (20%) 20 (40%) 3 (6%) 47 (94%) 0 (0%) 
N 88 4 34 31 9 146 2 
 
The depths of the drinking water sources were similar (p=0.322) in the three 
villages (Table 3.3). Only 5% of the water sources in Suarmarwa, 6% of the water 
sources in Rampur Diara, and 6% of the water sources in Bhawani Tola draw from 
depths shallower than 20 m (Table 3.3). The majority of the water samples 
(Suarmarwa=95%, Rampur Diara=90%, and Bhawani Tola=94%) were drawn from 
depths between 20 and 50 m (Table 3.3). Only two drinking water wells, both in 
Rampur Diara, draw from deeper than 50 m. Both sources (one boring and one hand 
pump) were arsenic-free. The crosstabs analysis between the three arsenic 
contamination groups and the three depth groups indicates that of 90% of the water 
sources (79 of 88) in the BDL group were located between 20 m and 50 m. Four water 
sources with 10µg/L of arsenic were observed (Table 3.3).  
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Table 3.4: Arsenic concentrations by depth of hand pumps 
 
 
Depths of Hand Pumps (m) (p=0.007) 
0 to 20 (%) 20 to 50 (%) >50 (%) 
Arsenic 
concentration 
(µg/L)  
BDL (n=88 of 157) 8 90 2 
10 (n=4 of 157) 50 50 0 
11 to 50 (n=34 of 157 0 100 0 
>51 (n=31 of 157) 3 97 0 
 
Two of these came from 0 to 20 m depth, and two others between 20 m and 50 m 
depth. One hundred percent (100%) of the sources (34) with arsenic levels between 11 
to 50 µg/L were collected from wells between 20 m and 50 m.  A total of 97% (30) of 
the sources with arsenic levels >51µg/L were collected from wells between 20 to 50 
m deep. Only one sample with arsenic levels >51µg/L came from a shallow well 
between 0 to 20 m. Based on the Chi-square test, the distribution of arsenic was 
significantly different at different depths (p=0.007), which showed a wide spatial 
distribution.  
The study area covered a total of 70 acres of area for arsenic contamination in 
the surveyed villages (Suarmarwa=30 acres; Rampur Diara=25 acres; Bhawani 
Tola=15 acres). An elevation surface of arsenic levels is presented in Figure 3.4.  
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Figure 3.4: Distribution of arsenic on the ground surface elevation where the hand 
pumps are located   
 
We compared the arsenic contamination data with the previously reported 
results from the same block (Maner), which are presented in Table 3.5. High 
concentrations of arsenic have previously been observed in Rampur Diara (Singh 
2011, Singh and Ghosh 2012). However, this is the first time we have found arsenic 
concentrations above the WHO and the BIS standards in Suarmarwa and Bhawani 
Tola. 
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Table 3.5: Arsenic concentrations in villages of Maner Block of Patna District, Bihar, 
India 
Village 
  
# samples 
analyzed 
10 -50µg/L  >51 µg/L  References 
Puranka Tola  54 2% 98% (SOES 2004) 
Nayka Tola 41 0 100% (SOES 2004) 
Badal Tola 74 9% 91% (SOES 2004) 
Dihal Rike Tola 16 0 100% (SOES 2004) 
Haldichhapra 10 0 100% 
(Singh and 
Ghosh 2012) 
Rampur Diara 10 40% 60% 
(Singh and 
Ghosh 2012) 
Suarmarwa  57 23% 9% This study 
Rampur Diara 50 26% 12% This study 
Bhawani Tola 50 24% 40% This study 
 
All of the arsenic contaminated sources in this study were between 20 and 50 
m depth, with one sample with arsenic concentration of 10µg/L in Bhawani Tola. 
These findings are in line with previous studies suggesting that shallow aquifers are 
contaminated with arsenic down to 50 m depth (Saha 2009, Saha, Dwivedi et al. 
2009). We found a strong positive correlation between the well depths (up to 50 m) 
and arsenic concentration (R=0.217, p=0.007).  A village wise depth vs. arsenic 
concentration plot is presented here (Figure 3.5.) 
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Figure 3.5: Arsenic concentrations vs. depths of hand pumps in the surveyed villages 
 
 In previous studies, no significant correlation between arsenic and well depths 
were reported, possibly due to limited sample size and smaller geographical area 
study (Singh and Vedwan 2015). However, to define a clear trend of arsenic 
contamination with increasing depth, it is recommended that a large number of 
samples at each depth profile (up to 120 m below the ground) should be investigated. 
The age of the majority of the hand pumps tested was between 4 and 13 years. 
Twenty one percent (21%) of the arsenic-free water sources were installed between 
1950 and 2000. A slight majority (51%) of the arsenic-free hand pumps were installed 
between 2001 and 2010, followed by 28% installed in 2011 or later. A majority (59%) 
of water sources with arsenic levels between 11µg/L and 50µg/L were installed 
between 2001 and 2010, followed by 35% in 2011 or later, and only 6% before the 
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year 2000. Likewise, a majority (57%) of drinking water sources with arsenic levels 
greater than 50 µg/L was installed between 2001 and 2010, followed by 37% sources 
in 2011 or later, and 6% before the year 2000. We did not find any significant 
correlation between the arsenic contamination groups and the age groups (year of 
installation) of the hand pumps (p=0.254). 
The near analysis, which was performed to see the spatial correlation between 
the arsenic concentrations of water samples and distance to the two Rivers, the River 
Ganges in the East and the River Son in the West of the surveyed villages. A 
moderate positive significant correlation (R2=0.176408, p<0.001) was observed 
between the arsenic concentrations and the distance to the Son River (Figure 3.6). 
However, a negative significant, but weak correlation (R2=0.090448, p=0.0064) was 
derived between the arsenic concentrations and the distance to the River Ganges 
(Figure 3.7). The negative association between the arsenic concentrations and the 
River Ganges supports the theory that arsenic contamination is confined along the 
River Ganges. On the contrary, the positive correlation between the arsenic 
concentrations and the distance to the River Son indicates that there is need of 
detailed hydro-geochemical study of the areas to find the actual source of arsenic in 
the surveyed villages. The average distance to the River Son was approximately 1172 
m and to the River Ganges was 5209 m. The water sources contaminated with arsenic 
were within 1km (1172 m) and were widely spread, but, positively correlation with 
the distance to the River Son, which indicates that the River Son might be a potential 
source of arsenic in the study villages.  
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Figure 3.6: Correlation between arsenic concentrations vs. distance to the River Son 
 
 
Figure 3.7: Correlation between arsenic concentrations vs. distance to the River 
Ganges 
 
R
2 
=0.176408 
P<0.001 
R2 = 0.090448 
P= 0.0064 
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3.2.2. Population at risk and population exposed to drinking arsenic contaminated 
water 
Approximately 10% (n=204) of individuals were found to be at-risk due to 
exposure to arsenic concentrations >10µg/L in drinking water. The highest population 
at-risk is in Suarmarwa 12% (n=78), followed by Rampur Diara (9%, n=66), and 
Bhawani Tola (8%, n=60) (Table 3.6). The total population at-risk due to the exposure 
to arsenic concentrations >50µg/L in drinking water is 9% (n=186), with the highest 
population at-risk in Bhawani Tola 17% (n=120), followed by Rampur Diara (5%, 
n=36), and Suarmarwa (4%, n=30) (Table 3.6). Population at risk and exposed 
population at >10µg/L and >50µg/L are completely separate populations.  
 
Table 3.6: Population at-risk and population exposed to drinking arsenic 
contaminated water  
Village TPC TP 
PR 
>10µg/L  
PR 
>50µg/L  
PE 
>10µg/L  
PE 
>50µg/L  
Suarmarwa 667 4696 78 30 1071 413 
Rampur Diara 769 3437 66 36 756 412 
Bhawani Tola 712 3000 60 120 600 1200 
Total 2148 11133 204 186 2427 2026 
TPC: Total population covered; TP: Total population; PR: Population at risk; PE: 
Population exposed 
 
A total of 22% (n=2427) and 18% (n=2026) inhabitants were found to be 
exposed to >10µg/L and >50µg/L of arsenic in drinking water, respectively (Table 
3.6). The highest exposed population was in Suarmarwa at >10µg/L (WHO standard) 
and in Bhawani Tola at >50µg/L (BIS standard) (Table 3.6). 
3.2.3. Hazard quotient and cancer risks assessment and mapping  
The average HQ values due to consumption of arsenic contaminated 
groundwater in all the three villages were high at the HQ scale established by the US 
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EPA, with the highest (37) value in Bhawani Total (Table 3.7). The calculated HQ 
values were greater for children in the three surveyed villages than the adults (Table 
3.7), which is in line with the previous studies in the same geographical region (Singh 
and Ghosh 2012, Singh, Ghosh et al. 2014).  
 
Table 3.7: Chronic risk and cancer risk due to arsenic contaminated drinking water 
Name of 
village 
HQ Chronic risk 
level 
(HQ): 
US EPA, 1999* 
Average 
Cancer risk 
/1000 
inhabitants 
Cancer 
risk: US 
EPA, 
1999# 
Min Max Avg. 
Suarmarwa 
(Children) 
0 90 13 High 4 Very high 
Rampur Diara 
(Children) 
0 70 17 High 5 Very high 
Bhawani Tola 
(Children) 
0 90 37 High 11 Very high 
Suarmarwa 
(Adults) 
0 32 5 High 1 Very high 
Rampur Diara 
(Adults) 
0 25 6 High 2 Very high 
Bhawani Tola 
(Adults) 
0 32 13 High 4 Very high 
* HQ/HI: <0.1=Negligible; ≥0.1<1=Low; ≥1<4= Medium; and ≥4= High 
# Cancer risk: <1 person/1,000,000 inhabitants= Very low; >1 person/1,000,000 and <1 
person/100,000 inhabitants= Low; >1 person/100,000 inhabitants and <1 person/10,000 
inhabitants= Medium; >1 person/10,000 and <1 person/1,000 inhabitants= High; and >1 
person/1,000 inhabitants= Very high 
 
The cancer risk values indicate that there exists a very high cancer risk in the 
three surveyed villages (Table 3.7). Out of a total of 1000 inhabitants, 4 children and 
1 adult in Suarmarwa, 5 children and 2 adults in Rampur Diara, and 11 children and 4 
adults in Bhawani Tola could develop cancer with continued consumption of arsenic-
laced drinking water (Table 3.7) (Singh and Ghosh 2012, Singh, Ghosh et al. 2014, 
Singh, Ghosh et al. 2014). The higher HQ values suggest that the residents in the 
surveyed villages might also experience more significant adverse but non-
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carcinogenic health impacts (Table 3.7) (Singh and Ghosh 2012, Singh, Ghosh et al. 
2014). 
 
Figure 3.8: Hotspots of HQ for Adults in the surveyed villages with GiZ and GiP 
values  
(GiZ represents the standard deviation i.e. z-score of the spatially clustered hotspots 
or colds pots and p values represent significance levels). 
 
The hotspots of HQ for adults were confined to Bhawani Tola (Figure 3.8). 
There was no coldspots in Bhawani Tola. However, the coldspots were widely 
distributed in Rampur Diara and Suarmarwa (Figure 3.8). Sixty five percent (65%) of 
the hotspots were statistically significant (GiP between <0.001 and 0.0665) and 46 % 
of the coldspots were statistically significant in all cases. The hotspots analysis 
produced approximately 15% of the places with GiZ score ranging between 0.0897 
and 0.8103, which were statistically not significant and more prevalent in Suarmarwa 
and Rampur Diara than Bhawani Tola. The hotspots HQ map suggests that the adults 
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in Bhawani Tola are susceptible to arsenic-induced cancers, and requires further 
investigation and arsenic-mitigation intervention. 
3.2.4. Socioeconomic and demographic characteristics of the communities  
The majority of the respondents in all the three surveyed villages were male 
and >40 years old (Table 3.8). In the Suarmarwa village, respondents were dominated 
by the backward caste (77%) over the scheduled caste (33%) (Table 3.8). However, in 
Rampur Diara and Bhawani Tola villages, the population was dominated by the 
forward caste over the backward caste and scheduled caste populations (Table 3.8). 
The majority of the respondents were married in all the three villages (Table 3.8). A 
total of 50% of the Suarmarwa respondents were illiterate, followed by 41% 
population with a primary education. Only 9 % of the inhabitants had a secondary-
level or college education (Table 3.8). The respondents of Rampur Diara and Bhawani 
Tola villages had similar patterns in education level, with a majority of respondents 
having a primary education, followed by a secondary and a college education. 
However, only 11% and 15% of the population in Rampur Diara and Bhawani Tola, 
respectively, were illiterate (Table 3.8). 
The average family size in the study area was six people per household. The 
majority of the population of Suarmarwa village was unemployed or worked as daily 
wage laborers. In Rampur Diara and Bhawani Tola village the majority of the 
respondents were involved in agricultural activities, running a business for their 
livelihood, or employed in some other job (Table 3.8). Suarmarwa had the highest 
population (27%) below the poverty line (Table 3.8).  In all the three villages the 
majority of the population was found to be just above the poverty line, with income 
ranging between Rs.500 and Rs.10,000 per month (Table 3.8). 
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Table 3.8: Socioeconomic and demographic characteristics of the communities 
surveyed 
Variables 
Percentage distribution of respondents 
Chi-square 
significance 
Suarmarwa  
(n=111) 
Rampur Diara 
(n=119) 
Bhawani 
Tola 
(n=110) 
Age group    0.049 
18-28 10(9%) 18(15%) 9(8%)  
29-39 18(16%) 32(27%) 23(21%)  
40-50 40(36%) 33(28%) 40(36%)  
51-61 25(23%) 22(18%) 13(12%)  
>62 18(16%) 14(12%) 25(23%)  
Gender    <0.001 
Male 101(91%) 117(98%) 105(95%)  
Female 10(9%) 2(2%) 5(5%)  
Marital status    0.015 
Single 5(5%) 11(9%) 1(1%)  
Married 106(95%) 108(91%) 109(99%)  
Caste    <0.001 
Scheduled caste 26(23%) 23(19%) 22(20%)  
Backward caste 85(77%) 22(19%) 41(37%)  
Forward caste 0(0%) 74(62%) 47(43%)  
Level of Education   <0.001 
Illiterate  55(50%) 13(11%) 15(14%)  
Primary (1 to 8 years)  46(41%) 48(40%) 45(41%)  
Secondary (9 to 12 years)  9(8%) 37(31%) 34(31%)  
College (undergraduate+ 
graduate) 
1(1%) 21(18%) 16(14%) 
 
Households size    0.569 
<=5 people 48(43%) 43(36%) 37(34%)  
>5-10> 57(51%) 67(56%) 67(61%)  
>10 6(6%) 9(8%) 6(5%)  
Occupation    <0.001 
Unemployed 24(22%) 4(4%) 2(2%)  
Labor 57(51%) 36(30%) 39(35%)  
Agriculture 22(20%) 49(41%) 43(39%)  
Job 8(7%) 30(25%) 26(24%)  
Income group      <0.001 
BPL (Rs.500> per month) 30(27%) 5(4%) 2(2%)  
Lower APL (>Rs.500-
Rs.10,000> per month) 
67(60%) 90(76%) 86(78%) 
 
Upper APL (>Rs.10,000 
per month) 
14(13%) 24(20%) 22(20%) 
 
Housing    0.001 
Straw made roof  21(19%) 8(7%) 3(30%)  
Thatched roof  32(29%) 25(21%) 26(44%)  
Kachcha 33(30%) 46(39%) 49(24%)  
Pucca 25(22%) 40(33%) 32(2%)  
Agricultural landholdings    0.024 
No landholdings  53(48%) 78(66%) 61(55%)  
Landholdings  58(52%) 41(34%) 49(45%)  
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Bhawani Tola had the highest population (74%) living in poorer housing 
structures (thatched roof, and straw made roof houses), followed by Suarmarwa 
village (48%) (Table 3.8). Suarmarwa, which is dominated by the lower caste group, 
surprisingly has 52% of the population with landholdings. In contrast, Rampur Diara 
and Bhawani Tola had 34% and 45%, respectively, of their populations with 
agricultural landholdings (Table 3.8). This indicates that the agricultural landholdings 
(no vs. yes) could be a better indicator of vulnerable communities in those areas 
where the majority of the population belongs to backward and scheduled castes. 
The health survey reveals that 10.8% of the households in Suarmarwa, 5.2 % 
in Rampur Diara, and 2.7% in Bhawani Tola have visible symptoms of arsenicosis. 
Although we found higher arsenic levels in Bhawani Tola, the lower occurrence of 
arsenicosis symptoms could be because of use of water from borings or healthier food 
consumption by the higher income residents of this village.  We observed 
discoloration of skin (both black and white patches), cracked skin, fragile and 
discolored nails, and reports of persistent itching in inhabitants exposed to 40-70 µg/L 
of arsenic (Figures 3.9 to 3.13). However, a rigorous epidemiological confirmation is 
required. 
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Figure 3.9: Skin discoloration (white patches) on hands (both sides) and foot of an 
elderly woman in Rampur Diara (photograph by Sushant Singh, 2013) 
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Figure 3.10: Persistent white patches on the ankle of a 10 year old girl in Rampur 
Diara (photograph by Sushant Singh, 2013) 
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Figure 3.11: Persistent white patches on the back of 15 year old boy in Rampur Diara 
(photograph by Sushant Singh, 2013) 
 
 
Figure 3.12: Persistent white lines at the bottom of the middle and ring fingers of a 
14 year old girl in Rampur Diara (photograph by Sushant Singh, 2013) 
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Figure 3.13: Fragile fingernails with black spots on a 25 year old woman in Rampur 
Diara (photograph by Sushant Singh, 2013) 
 
A small group of 6-7 households in Rampur Diara relied on an unhygienic 
open dug well. The water was black in color and contained insects. The households 
filter the water through cotton cloth for drinking and cooking purposes. We found a 
10 month old child with persistent rashes and black patches on the backside of his leg, 
which the parents report started at the age of 3 months (Figure 3.14). We suspect that 
the rash is due to exposure to the dirty well water.  
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Figure 3.14: Persistent black rashes and patches on the back side of the leg of a 10 
month old child in Rampur Diara (photograph by Sushant Singh, 2013) 
 
We suspect that there are other similar hidden pockets of households living 
under extreme unhygienic conditions with no alternative options for potable water 
sources in the area. Being marginalized communities, they consider themselves an 
‘isolated community’ with a world-view of an ‘isolate.’ The communities with 
‘isolate’ worldview live in an uncertain world dominated by environmental and social 
instability, and accept whatever they experience as thought it was their destiny and 
that they were born with bad luck (Douglas and Wildavsky 1983). 
Based on the Chi-Square tests, the arsenicosis symptoms were different across 
the surveyed villages (p=0.039) (Table 3.9). In addition, 35% of the respondents are 
experiencing symptoms associated with diseases other than arsenicosis. However, a 
clinical testing is required to confirm the nature and severity of the diseases reported 
by the respondents. Suarmarwa scored the highest population (70%) with symptoms 
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of other diseases, followed by Rampur Diara (24%) and Bhawani Tola (13%). The 
Chi-Square test indicates that the occurrence of other symptoms among the three 
surveyed villages were different (p<0.001) (Table 3.9).  
Table 3.9: Health status in the surveyed villages  
 Suarmarwa 
(n=111) 
Rampur Diara 
(n=115) 
Bhawani Tola 
(n=110) 
Arsenicosis 
symptoms* 
11% 5% 3% 
Other symptoms** 70% 24% 13% 
*significant at α=0.05; **significant at α=0.01 
 
Arsenicosis symptoms and symptoms of other diseases were more prevalent in 
Suarmarwa than in the other two villages. The highest prevalence rates in Suarmarwa 
make the communities highly vulnerable to the adverse impacts of arsenic and/or to 
other diseases. The poor socioeconomic and demographic conditions of the 
communities in this village further contribute to the susceptibility to diseases.  A list 
of other symptoms and diseases is presented in Table 3.10. These are self-reported 
diseases symptoms, which we verified by observing the victims. However, we did not 
perform any clinical tests.  
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Table 3.10: A village wise list of other diseases in the surveyed villages 
List of other diseases in the surveyed villages 
Suarmarwa Rampur Diara Bhawani Tola 
Appendicitis Asthma Asthma 
Asthma Back pain Back pain 
Body ache Chest pain Blood impurities 
Cancer Cold Diabetes 
Chest pain Diabetes Eczema 
Cold Fever Fever 
Dental problem Handicap Handicap 
Diarrhea Headache Headache 
Ear problem Hemophilia Pain 
Eczema Jaundice Piles 
Eye problems Pain Stomach problem 
Fever Paralysis 
 Filariasis Pneumonia 
 Fracture Sciatica 
 Gastric Sickness 
 Handicap Stomach problem 
 Headache Tuberculosis 
 Hernia Throat problem 
 Hydrocele Thyroid 
 Intestinal problem Tumor 
 Jaundice Typhoid 
 Pain White patches 
 Pechis 
  Piles 
  Pneumonia 
  Pregnancy related 
  Sciatica 
  Skin problem 
  Sterilization 
  Stomach problem 
  Tuberculosis 
  Typhoid 
  Uterus related 
  Wounds 
   
The relative risk of arsenicosis was respectively 2 times and 4 times more 
likely to occur in Suarmarwa than Rampur Diara (p=0.095) and Bhawani Tola 
villages (p=0.015) (Table 3.11). Moreover, the likelihood of occurrence of arsenicosis 
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in Rampur Diara was found to be 1.9 times greater than in Bhawani Tola (p=0.272) 
(Table 3.11). 
 
Table 3.11: Relative arsenicosis risks and Odds ratio in the surveyed villages 
Relative risks (RR)  
and Odds ratio 
(OR) 
Suarmarwa vs. 
Rampur Diara 
Suarmarwa vs. 
Bhawani Tola 
Rampur Diara vs. 
Bhawani Tola 
RR of arsenicosis  
(95% CI) 
2.072  
(0.806-5.329) 
3.964  
(1.150-13.662)* 
1.913  
(0.490-7.461) 
OR of arsenicosis 
(95% CI) 
0.454  
(0.164-1.256) 
0.231  
(0.063-0.844)* 
0.509  
(0.124-2.089) 
RR of other 
diseases 
(95% CI) 
2.993  
(2.106-4.253)** 
5.521  
(3.335-9.140)** 
1.845  
(1.022-3.3329)* 
OR of other 
diseases (95% CI) 
0.130  
(0.072-0.235)** 
0.062  
(0.031-0.123)** 
0.475  
(0.234-0.964)* 
*significant at α=0.05; *significant at α=0.01 
 
The relative risk of other disease symptoms was respectively 3 times and 5.5 
times more likely to occur in Suarmarwa than in Rampur Diara (p<0.001) and 
Bhawani Tola (p<0.001) (Table 3.11). Additionally, the likelihood of occurrence of 
other disease symptoms in Rampur Diara was 1.8 times greater than in Bhawani Tola 
(p=0.027) (Table 3.11). 
A bivariate analysis was performed to see whether socioeconomic-
demographic variables (age, income, caste, housing status) and sanitation habits 
(place for defecation and materials used to wash hands after defecation) could be 
correlated with the arsenicosis symptoms and symptoms of other diseases in the 
villages. Only sanitation habits (place for defecation) was found to be inversely 
correlated with arsenicosis symptoms (R2=-0.125*) (Table 3.12). It further explains 
that the inhabitants who use a toilet for defecation were less likely to have arsenicosis 
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symptoms than the inhabitants who defecate in open fields. On the other hand we 
found a total of six variables significantly correlated with the other diseases. 
 
Table 3.12: Correlation between arsenicosis Symptoms and socioeconomic Variables 
Variable Correlation 
Arsenicosis Other diseases 
Age group - 0.134* 
Caste - -0.190** 
Occupation - -0.183** 
Housing status - -0.187** 
Place for defecation -0.125* -0.217** 
Material used for hand washing after defecation - -0.172** 
** Correlation is significant at the 0.01 level (2-tailed)  
* Correlation is significant at the 0.05 level (2-tailed) 
 
Caste (R2=-0.190, p<0.01), occupation (R2=-0.183, p<0.01), housing status 
(R2=-0.187, p<0.01), place for defecation (R2=-0.217, p<0.01), and materials used to 
wash hands after defecation (R2=-0.172, p<0.01) are inversely correlated with the 
occurrence of other diseases in the communities (Table 3.12). Age group is positively 
correlated (R2=0.134, p<0.05). This indicates that older inhabits have a greater 
likelihood of experiencing other diseases. In addition, inhabitants living in poor 
housing structures were less likely to experience other diseases than those live in 
better housing structures. This was an unexpected finding. After revisiting the 
crosstabs between other diseases and housing structures, we found that the 
respondents those who live in the poorest i.e. straw made house (Figure 3.13) or the 
best housing structures i.e. Pucca house (Figure 3.14) were less likely to experience 
other diseases problems than the respondents who live in a medium quality of housing 
i.e. thatched roof house (Figure 3.15) and Kachcha house (Figure 3.16) (Table 3.13). 
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Table 3.13: Other diseases by housing structures 
 
 
Housing status (p=0.007) 
Straw made Thatched roof Kachcha Pucca 
Other diseases 
No  7% 21% 38% 34% 
Yes 14% 30% 35% 20% 
 
 
 
Figure 3.15: A typical straw-constructed house 
 
Figure 3.16: An example of a thatched roof house 
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Figure 3.17: An example of a Kachcha house 
 
Figure 3.18: An example of a Pucca house 
 
Based on the housing structures, survey results, and field observation, we 
hypothesized that individuals who live in the poorest housing structure get 
accustomed with the surroundings therefore, start developing a resistance to 
environmental stressors in comparison to the individuals who live in better housing 
structures. 
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3.3. Initiatives Taken 
Two open dug-wells in Rampur Diara were identified for further renovation 
and installation of hand pumps.  
 
Figure 3.19: Open dug-well number 1 selected for renovation in Rampur Diara 
(Photograph by Sunil Kumar Singh, 2014) 
 
Figure 3.20: Open dug-well number 2 selected for renovation in Rampur Diara 
(Photograph by Sunil Kumar Singh, 2014) 
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The NCL-FTK was found to be a reliable and quick field method to identify 
arsenic levels in water sources below the detection limit (10 µg/L), moderate (up to 50 
µg/L, and high level of arsenic (>50µg/L). This study also documents that arsenic 
contamination in aquifers accessed by two previously unstudied villages Suarmarwa 
and Bhawani Tola, which point to the River Son as a potential source of arsenic 
contamination.  Symptoms known to be associated with arsenicosis were documented 
in the three surveyed villages. An interesting but troubling combination of low arsenic 
awareness (not knowing what it is, not knowing if their water is clean or 
contaminated) co-occurs simultaneously with showing distrust of the existing 
agencies that were designed to combat the problem. These indicate that the 
communities have low arsenic awareness because of poor performance of the existing 
agencies in policy implementation and awareness generation.  
The owners of the nearest house to the wells were approached. Verbal 
consents were obtained for operation and maintenance of the wells after renovations. 
The owners of the nearest homes were willing to renovate the existing open wells for 
arsenic-free water and agreed to share the water with rest of the community. 
However, lack of funds to renovate those wells could be a constraint, but the 
communities’ contributions could be a solution. A detailed budget for each of the 
targeted dug wells has been prepared with the input of local masons and engineers. 
Potential funding agencies including UNICEF and WHO have been identified, and 
will be approached soon by our group. A US-based non-profit organization named 
“Group for the Protection, Study, and Monitoring of the Environment (GPSME)” 
agreed to provide technical support. The local village leaders and a leading 
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organization in sustainable development in India “Indian Institute of Sustainable 
Development (IISD), New Delhi, India” has been secured for logistical support. 
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CHAPTER-IV 
Developing sustainable models of arsenic-mitigation technologies in the mid-
Gangetic Plain in India 
Abstract 
Ensuring continuous use of arsenic-mitigation technologies in arsenic-exposed 
areas is a daunting task for researchers and policy makers. Consequently, millions of 
impoverished communities are still exposed to elevated levels of arsenic. This study 
seeks to understand factors that guide the decision-making process to adopt and 
implement the available arsenic-mitigation technologies in rural areas in the mid-
Gangetic Plain. A total of 340 households comprising a total of 2500 population were 
surveyed. Socioeconomic and demographic factors, water and sanitation status, time 
spent and distance travelled to collect water, arsenic awareness, willingness to pay 
(WTP) for arsenic-free water, people’s trust in others and in the institutions, social 
capital in the communities, and preferences for sustainable arsenic mitigation options 
were investigated. Arsenic treatment units (filters) and piped water supply systems 
were the most preferred sustainable arsenic-mitigation options in the surveyed 
villages. Less preferred arsenic-mitigation options include deep tube wells, dug wells, 
and rainwater harvesting systems. Binary logistic regression models for each arsenic 
mitigation option were produced. Arsenic awareness, WTP, trust in agencies, trust in 
institution, and social capital were found to be the most significant factors for 
decision-making to prefer one arsenic-mitigation technology to the others. We 
recommend a mixed model of two arsenic-mitigation options for the studied 
individuals, which could be a sustainable arsenic-mitigation option for them, 
considering their socioeconomic and demographic conditions. Existing institutions 
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should be strengthened, agencies should be empowered, and the communities should 
be enlightened about arsenic problems.  
 
Keywords: Arsenic-mitigation, MGP, Arsenic Treatment Unit, Deep Tube Well, Piped 
Water Supply, Dug Wells, Rainwater Harvesting System, Institution, Trust, Social 
Capital, Willingness to Pay, Decision-making    
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4. Introduction 
Widespread geogenic groundwater arsenic contamination is one of the biggest 
challenges to policy makers in ensuring arsenic-free potable water to more than 12 
million people in the middle-Gangetic Plain (MGP) in India (Singh, Ghosh et al. 
2014, Singh and Vedwan 2015). The potentially exposed population in the MGP is far 
beyond the potentially exposed populations in Thailand, Chile, Bolivia, Mexico, 
Hungary, Spain, Greece, Ghana, and other arsenic-contaminated areas across the 
globe (Nordstrom 2002). According to the United States Environmental Protection 
Agency (USEPA), inorganic arsenic is a group ‘A’ carcinogen (Anders, Bull et al. 
2004). Arsenic is found in a total of five valency states, among which arsenic III 
(arsenite) and arsenic V (arsenate) are the most abundant species in groundwater 
(Ravenscroft, Brammer et al. 2009). In the MGP, about 87% of the tested 
groundwater sources were found to be contaminated with arsenite, which is the most 
toxic form of arsenic (Mukherjee, Scanlon et al. 2012). Arsenic concentrations 
beyond the standards set by the World Health Organization (WHO) for drinking water 
and the standard set by the United Nations Food and Agriculture Organization (FAO) 
for irrigation water, as well as elevated levels of arsenic in soils and food materials 
have also been reported in the region (Singh 2011, Singh and Ghosh 2011). The 
concentrations of arsenic in groundwater in the MGP (>1000µg/L) exceed by several 
times the arsenic levels reported in groundwater in many other countries (Nordstrom 
2002, Saha 2009). Moreover, several arsenicosis symptoms and cancer risks due to 
the consumption of arsenic-contaminated groundwater and food in some of the 
arsenic-affected areas in the MGP have been documented (Chakraborti, Mukherjee et 
al. 2003, Singh and Ghosh 2012, Singh, Ghosh et al. 2014).    
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4.1. Arsenic-mitigation and associated technological and socioeconomic 
challenges 
Several arsenic-mitigation interventions have been implemented in arsenic-
contaminated areas worldwide, but encountered technical challenges. These include 
but are not limited to low arsenic removal efficiency and interference generated by 
iron, high sludge volume, high costs for capital, operation, and maintenance, and 
failure to remove other contaminants present in the groundwater such as phosphate 
and iron (Kabir and Howard 2007, Shafiquzzaman, Azam et al. 2009, Bundschuh, 
Litter et al. 2010). Additionally, beneficiaries have to pay for arsenic removal filters, 
but most of the arsenic-mitigation technologies are not designed according to the 
geographical needs of the intervention areas. For example, rainwater harvesting units 
were installed in low precipitation areas (Shafiquzzaman, Azam et al. 2009).  
The socioeconomic factors of the communities in arsenic-contaminated areas 
have been found to be major players in the failure of arsenic-mitigation interventions 
worldwide. These factors include cultural background, low willingness to pay for 
arsenic-mitigation technologies, lack of awareness about arsenic, lack of ownership of 
the arsenic-mitigation technologies, and travel time and distance required to collect 
arsenic-free drinking water by communities (Shafiquzzaman, Azam et al. 2009). 
Additionally, noncooperation of the owners of the safe tube wells, bad taste of water 
after treatment, denial of the presence of arsenic contamination, the misconception 
that boiling water removes arsenic, and lack of safe drinking water sources near 
houses have all contributed to the failure of arsenic-mitigation programs (Ahmad, 
Sayed et al. 2007). Low implementation of arsenic filters is also due to the lack of 
pictorial instructions in the operating manuals in low literacy areas, lack of 
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transparency between the service providers and the users about the actual cost of 
arsenic filters, social knowledge, and installation of arsenic removal plants that are 
inaccessible to communities (Hossain, Mukharjee et al. 2006, Shafiquzzaman, Azam 
et al. 2009, Bundschuh, Litter et al. 2010). 
Failure of the arsenic-mitigation programs contributes to several 
socioeconomic adversities. The most important socioeconomic predicaments 
associated with arsenic pollution include “social uncertainty, social injustice, social 
isolation, and problematic family issues,” among others (Brinkel, Khan et al. 2009). 
However, the poor suffer the most. They suffer from dietary deficiencies and lack of 
alternative sources of safe drinking water. Arsenic pollution further contributes to 
social stigmatization, social discrimination, and social conflicts among the 
communities. Therefore, it destroys social harmony and network relationships 
(Brinkel, Khan et al. 2009). For example, arsenic-affected students are barred from 
schools, and arsenic-affected people are generally avoided by friends and colleagues 
and hated by others (Brinkel, Khan et al. 2009). Under extreme conditions, women 
are abandoned, divorced or separated, or sent back to their parents by their husbands 
(Ahmad, Sayed et al. 2007, Brinkel, Khan et al. 2009, Singh, Ghosh et al. 2014). 
Women also suffer from overly expensive dowries, physical torture, and polygamy 
(Ahmad, Sayed et al. 2007, Brinkel, Khan et al. 2009). Therefore, women affected by 
arsenicosis were found to be more frequent social victims than men (Brinkel, Khan et 
al. 2009). Wives may also separate from an arsenic-affected spouse due to fear of 
becoming sick. Arsenic-affected families are isolated by their communities and 
refused any marital relationships within them (Brinkel, Khan et al. 2009). 
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4.2. Current Status of Arsenic-Mitigation in the Project Area 
The current study was conducted in Bihar, an eastern state of India, and 
located in the MGP. The Public Health Engineering Department (PHED) of the 
government of Bihar is the nodal body responsible for providing safe drinking water 
to the inhabitants of the state. After realizing the severity of arsenic contamination of 
groundwater, the PHED initiated several mitigation schemes including renovation of 
open dug wells, construction of sanitary wells, deep tube wells, rainwater harvesting 
systems, addition of India Mark III hand pumps to wells, installation of arsenic-
removal plants, construction of community-based systems to draw arsenic-free water 
from deep aquifers, and extracting water from the River Ganges (CGWB 2010, 
CGWB and NIH 2010). Until now, there have been no reported studies that have 
evaluated the functionality or sustainability of arsenic-mitigation programs in the 
state. Therefore, it is very difficult to assess which of the arsenic-mitigation 
technologies are the most successful and sustainable in Bihar. 
Several socioeconomic and demographic factors such as gender, age, income, 
education, and awareness are known to correlate with arsenic pollution and associated 
health effects. These factors play a vital role in understanding the reasons behind the 
failure of arsenic-mitigation programs globally. It is necessary, but not enough, to 
take inventory of the successful arsenic-mitigation technologies and determine what 
percentage of the population uses these technologies. This study seeks to understand 
factors that guide the decision-making process to adopt and implement the available 
arsenic-mitigation technologies. To our knowledge this is the first study of arsenic-
exposed communities in the MGP that evaluates the socioeconomic and demographic 
status of community residents, water and sanitation status, time spent and distance 
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travelled to collect water, awareness about arsenic and associated issues, people’s 
trust in others and in the institutions, social capital in the communities, and 
preferences for sustainable arsenic-mitigation options. The central goal is to develop a 
sustainable socioeconomic arsenic-mitigation model, one that is easily interpretable 
for policy makers dealing with arsenic-mitigation. 
4.3. Materials and Methods 
Survey administration is explained in the Chapter I. In brief, a stratified 
sampling technique was applied to survey 340 households (2500 individuals in total) 
in three villages: Suarmarwa, Rampur Diara, and Bhawani Tola. Here, only statistical 
analysis and modeling methodologies are explained. 
4.3.1. Statistical analysis and modeling 
All statistical analyses were performed using SPSS version 21 for Windows 
(IBM 2012). To evaluate the independenc of each variable across the three surveyed 
villages, a Chi-Square test was performed. In this study, the response variables were 
dichotomous in nature and the predictors were continuous and catogorical. Therefore, 
a logistic regression modeling technique was applied to fit the model to the data.  
Logistic regression models the probability of presence and absence of the 
response, given the observed values of the predictors (Hosmer Jr, Lemeshow et al. 
2013, Park 2013, Park, Choi et al. 2013). Moreover, it explains the relative 
contribution of each predictor to the response, controlling for the influences of the rest 
of the predictors in the model (Hosmer Jr, Lemeshow et al. 2013, Park 2013). The 
response (dependent variables) of a logistic regression could be binary or categorical. 
The predictors (independent variables) could be a mixture of continuous and 
categorical or binary variables (Ozdemir 2011, Warner 2012, Hosmer Jr, Lemeshow 
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et al. 2013, Park 2013). The assumption of normality, i.e., linear relationships 
between scores on response and scores on each predictor and between each pair of 
predictors, and uniform error variance across score values of the predictor, are not 
needed for logistic regression (IBM 2012, Hosmer Jr, Lemeshow et al. 2013, Park 
2013). Hence, logistic regression is advantageous compared to linear regression and 
log-linear regression to model categorical responses (Ozdemir 2011, IBM 2012, 
Warner 2012). Moreover, logistic regression establishes a functional relationship 
between the binary coded preferences for arsenic-mitigation technology and the 
predictors that are recognized as players shaping the decision-making to prefer a 
specific arsenic-mitigation technology (Ozdemir 2011, Warner 2012). For the current 
study, we applied the Binary Logistic Regression Model (BLRM) technique, as the 
responses were dichotomous (McCarthy, Robson et al. 2006, Warner 2012, Hosmer 
Jr, Lemeshow et al. 2013). In the BLRM, the response is called a logit (Li), which is a 
log of odds for two different groups that offer predicted probabilities that are limited 
to an assigned binary, in this study between 0 (No) and 1 (Yes) (McCarthy, Robson et 
al. 2006, Warner 2012, Hosmer Jr, Lemeshow et al. 2013). Therefore, it limits the 
probability estimates to a range between 0 and 1, which offers better interpretability 
of the analysis (McCarthy, Robson et al. 2006, Warner 2012, Hosmer Jr, Lemeshow 
et al. 2013). Also, it considers a nonlinear relationship between scores on a 
quantitative predictor (for instance, age in this study) and the probability of preference 
for a specific arsenic-mitigation technology (IBM 2012, Warner 2012, Hosmer Jr, 
Lemeshow et al. 2013). The general form of logistic regression is as follows: 
Equation 4.1: General for of logistic regression equation 
 𝐿𝑖 = 𝐵𝑜 + 𝐵1 𝑋1 +∙∙∙ +𝐵𝑘𝑋𝑘                                                 
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where X1, …,Xk are explanatory variables and scores for the  𝐿𝑖 are a linear 
combination function of the scores on one or several predictors (Ozdemir 2011, IBM 
2012, Warner 2012, Hosmer Jr, Lemeshow et al. 2013). The parameters B1,…Bk are 
the regression coefficients associated with the predictors that represent the nature and 
the strength of the association of each predictor (Ozdemir 2011, IBM 2012, Warner 
2012, Hosmer Jr, Lemeshow et al. 2013). Therefore, the  𝐿𝑖 is a function of the 
predicted probability (Pi) according to: 
Equation 4.2: General equation of logit 
 𝐿𝑖 = 𝑙𝑛 [
𝑃?̂?
1+𝑃?̂?
]                                                                 
 
Given a value of 𝐿𝑖, we can derive the corresponding value of 𝑃?̂? from: 
Equation 4.3: Probability equation 
𝑃𝑖 =
𝑒𝐿𝑖
1+𝑒𝐿𝑖
                                                                    
where, 𝑃𝑖 is the probability of opting for a specific arsenic-mitigation technology as a 
source of arsenic-free drinking water in the surveyed villages. 
The BLRM offers several methods for stepwise selection of the best predictors 
to include in the model. In the SPSS environment, the BLRM starts with a model 
without considering any predictors, and at each consecutive step, the predictor with 
the greater statistical score with a p value more than 0.100 and significant at the 
specified value of 95% confidence interval (p<0.05) is added to the model (Ozdemir 
2011, IBM 2012, Bamaiyi, Hassan et al. 2014). Furthermore, only the variables with a 
coefficient statistically different from zero (null hypothesis) and significant at a 95% 
confidence interval are retained in the model (Ozdemir 2011, IBM 2012).  The 
statistical significance test about the predictive usefulness of each predictor used the 
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Wald Chi-square value at a 95% confidence interval for the corresponding degree of 
freedom (Ozdemir 2011, IBM 2012). Both the Enter and Stepwise Forward 
Conditional methods were applied to fit the model. Here, the results from the 
Stepwise Forward Conditional method are presented, as the Enter method did not 
produce any additional predictors, which contributed significantly to the model 
(Hosmer Jr, Lemeshow et al. 2013).  
The BLRM produces a pseudo R2 value to assess the overall goodness of fit, 
and indicates how the logit model fits the data set. The pseudo R2 value is derived 
from the following equation and a value greater than 0.2 is considered to be a good fit 
(Ozdemir 2011). 
 
Equation 4.4: Equation to derive Pseudo R2 
𝑃𝑠𝑒𝑢𝑑𝑜 𝑅2 = 1 − [(−2𝐿𝑜𝑔 𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑𝑓𝑖𝑛𝑎𝑙 𝑠𝑡𝑒𝑝)/(−2𝐿𝑜𝑔 𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑡𝑒𝑝)]       
 
Additionally, to explain the percentage of variance of the response by the 
predictors, Cox and Snell R2 and Nagelkerke’s R2 are produced (Ozdemir 2011, IBM 
2012, Bamaiyi, Hassan et al. 2014). Considering the categorical nature of the 
variables, a contingency analysis was performed on each of the selected variables 
versus the response variable, which was arsenic-mitigation preferences in this case 
(Warner 2012, Hosmer Jr, Lemeshow et al. 2013). Only significant independent 
variables were retained to create BLRM. To avoid any possibility of impact of the 
multicollinearity on the predictability performance of the BLRM, ‘tolerance’ and 
‘variance inflation factor’ (VIF) tests were performed (Ozdemir 2011, IBM 2012, 
Warner 2012, Hosmer Jr, Lemeshow et al. 2013, Bamaiyi, Hassan et al. 2014). 
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Furthermore, the threshold value of 0.1 for tolerance and 10 for VIF were followed to 
retain the predictors for the analysis. Therefore, predictors with tolerance >0.1 and 
VIF <10 were retained for the BLRM (Ozdemir 2011, IBM 2012, Warner 2012, 
Hosmer Jr, Lemeshow et al. 2013, Bamaiyi, Hassan et al. 2014). 
4.4. Results 
4.4.1. Household characteristics of the surveyed population 
The majority of the respondents were male (95%), as women in rural areas 
hesitate to interact with outsiders. The maximum participation in the survey was by 
the backward castes, followed by the forward castes, and the scheduled castes, 
respectively (Table 4.1). A majority (94%) of the respondents was married, 6% had 
never been married, and one respondent was widowed. In terms of level of education, 
a total of 86% of the population had some level of education. However, the rest of the 
population (14%) was illiterate. Although the average literacy rate in the area was 
greater than the state’s literacy rate of 35%, the majority of the population had only a 
primary level of education followed by a secondary and a college level of education, 
respectively (Table 4.1). The average family size in the area was 6 persons per 
household. The largest proportion (37%) of the population was found to live in 
kachcha houses followed by pucca houses, thatched roof, and straw made roof 
houses, respectively. Altogether, a total of 33% of the population was found to be 
living in poorly constructed structures, mostly made up of straw or mud. (Table 4.1, 
Figure 4.1).  
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Figure 4.1: A house in good condition constructed of straw and mud in the villages 
(Photograph by Sushant Singh, 2013) 
 
Housing status is generally associated with income. However, it was observed 
that a few respondents with higher income intentionally avoided better houses, as they 
wanted to hide or avoid exposing their income to the villagers. The occupation of the 
majority of the population was found to be either wage labor (39%) or agriculture 
(34%) (Table 4.1).  Self-reported gross monthly household cash income is reported in 
Table 2.1. A majority of respondents (71%) earn between Rs.500 to Rs.10,000 (just 
above the poverty line); 18% earned more than Rs.10,000 per month, and 11% earn 
below the poverty level with a monthly income less than Rs.500 (Table 4.1). The 
majority of the respondents (81%) reported that they defecate in open places, 
regardless of toilet availability. Only 19% of the population used toilets for defecation 
(Table 4.1). It was very surprising that the total sanitation campaign program, the 
government of India’s most ambitious program to accomplish one of the millennium 
development goals, had almost no impact on the sanitation practices in the surveyed 
population. 
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Table 4.1: Household characteristics of the surveyed population 
Variables 
Village (%) 
Chi-square 
significance Suarmarwa 
Rampur 
Diara 
Bhawani 
Tola 
Age group 
18-28 9 15 8 0.049 
29-39 16 27 21   
40-50 36 28 36   
51-61 23 18 12   
62 and above 16 12 23   
Caste 
Scheduled caste1 23 19 20 <0.001 
Backward caste2 77 18 37   
Forward caste3 0 62 43   
Marital status 
Single4 5 9 1 0.015 
Married 95 91 99   
Education 
level 
Illiterate 49 11 14 <0.001 
Primary 
education 41 40 41   
Secondary 
education 8 31 31   
College 1 18 14   
Household 
size 
≤5 43 36 34 0.569 
>5-10> 51 56 61   
>10 5 8 5   
Occupation 
Unemployed 22 3 2 <0.001 
Labor 51 30 35   
Agriculture 20 41 39   
Job + Business 7 25 24   
Income group 
BPL(Rs.500<per 
month) 27 4 2 <0.001 
Lower 
APL(>Rs.500-
Rs.10,000 per 
month) 60 76 78   
Upper 
APL(>Rs.10,000 
per month) 13 20 20   
Agricultural 
landholdings 
No landholdings 48 65 55 0.024 
Landholdings 52 35 45   
Housing 
status 
Straw made 19 7 3 0.001 
Thatched roof 29 21 24   
Kachcha house5 30 39 44   
Pucca house6 22 34 29   
1Scheduled caste: at the bottom of the social stratification, consists of those castes that were 
associated with the most impure work and menial labor with no possibility of upward 
mobility, and were subjected to serve social exclusion and disadvantages, in comparison to 
the other castes. 
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2Backward caste: lower than the upper caste group that has been categorized as ‘Other 
Backward Classes’ (OBCs) by constitutional provision. It consists of those castes which, like 
the Scheduled Castes’, were in the past subjected to exclusions and, therefore, remained 
socially and educationally backward, despite having a higher position than the ‘Scheduled 
Castes’ in the local, traditional caste hierarchy.  
3Forward caste: upper caste, at the top of the social stratification in Indian villages. 
4Single: respondents who were never married, or, were widow, or abandoned. 
5Kachcha house: houses with temporary roofs made with cemented floor and/or wall. 
6Pucca house: houses with flooring, roof, and walls should be cemented. 
 
Chi-Square test was used to test the association between the demographic 
variables and the three surveyed villages. Gender (p=0.038), age (p=0.049), caste 
(<0.001), marital status (p=0.015), education level (p=<0.001), occupation (p<0.001), 
income (p=<0.001), agricultural landholdings (p=0.023), and housing status (p=0.001) 
of the respondents were all significantly different in the three surveyed villages (Table 
4.1). 
4.4.2. Status of water and sanitation of the surveyed population 
The Chi-Square test revealed that number of family members involved in 
water collection (p=0.017), time spent per day for collection of water (p=0.001), 
distance traveled to collect water (p=<0.001), place for defecation (p=<0.001), and 
materials used for hand washing (p=<0.001) were significantly different in the three 
surveyed villages (Table 4.2).  
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Table 4.2: water and sanitation status in the surveyed villages 
Variables Percentage 
Chi-square 
significance 
Number of family members involved in water collection (n=340) 
<=5 people 56% 0.017 
>5-10> 42%  
>10 2%  
Time spent, per day for collection of water (n=339)  
<10minutes 87% 0.001 
>10minutes 13%  
Distance traveled to collect water (n=340)    
<50meters 88% 0.001 
<50meters 12%  
Sanitation status/place for defecation (n=340)   
Open field  81% <0.001 
Toilet  19%  
Hand-washing after defecation (n=340)    
Soil 87% <0.001 
Soap/Ash 13%  
 
Moreover, the sources used for drinking (p=<0.001), cooking (p=<0.001), and 
bathing (p=<0.001) water were significantly different across the three surveyed 
villages. However, the source used for irrigation was the same in the surveyed 
villages as the communities were using only one source, boring, for irrigation 
purposes (p=0.314) (Table 4.3). 
 
Table 4.3: Sources of water for drinking, cooking, bathing, and irrigation 
Uses of water PvT PbT PvHP PbHP Boring DW 
Chi-square 
significance 
Drinking 1.8% 1.2% 46.2% 49.4% 0.3% 1.2% <0.001 
Cooking 1.2% 1.2% 45.6% 50.6% 0.3% 1.2% <0.001 
Bathing 1.2% 1.2% 44.4% 51.8% 0.3% 1.2% <0.001 
Irrigation 0.0% 0.0% 0.3% 0.3% 58.5% 0.0% 0.314 
Note: PvT= private tap; Pbt= public tap; PvHP= private hand pump; PbHP= public hand 
pump; DW= dug well 
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4.4.3. Social capital 
The presence and functionality of institutions in the surveyed villages 
including Anganwadi (p=0.001), Mahila Samakhya (p=<0.001), and Self Help Group 
(p=<0.001) were found to be significantly different among the villages. Moreover, 
respondents’ individual social capital (determined as their neighbors and other people 
seeking their advice and valuing their opinion) was significantly different (p=0.008) 
in the surveyed villages (Table 4.4). 
 
Table 4.4: social capital in the surveyed villages 
Social capital-questions asked Response Percentage 
Chi-square 
significance 
Opinion about the presence and 
the functionality of Anganwadi 
(n=340) 
Not available# 1% 0.001 
Strongly disagree 31%  
Neutral 7%  
Strongly agree 62%  
Opinion about the presence and 
the functionality of Mahila 
Samakhya (n=340) 
Not available 43% <0.001 
Strongly disagree 29%  
Neutral 12%  
Strongly agree 16%  
Opinion about the presence and 
the functionality of Self Help 
Group (n=340) 
Not available 47% <0.001 
Strongly disagree 28%  
Neutral 7%  
Strongly agree 18%  
Participation in panchayat 
activities (n=340) 
Strongly disagree 7%  
Neutral 3%  
Strongly agree 90%  
Neighbor and others seeking 
advice and valuing respondents’ 
opinion (n=339) 
Strongly disagree 25% 0.008 
Neutral 10%  
Strongly agree 65%  
#Not available= not available within the village 
4.4.4. Trust in others and in institutions 
Respondents’ trust in other members of the community outside their family 
(p=<0.001), trust in government agencies (p=<0.001), trust in NGOs (p=<0.001), trust 
in private agencies (p=<0.001), and trust in academics/scientists (p=<0.001) were 
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significantly different in the surveyed villages. However, trust in Panchayati Raj 
Institutions in the three villages was not different (p=0.059) (Table 4.5). 
 
Table 4.5: Trust in others and in institutions in the surveyed villages 
 
Trust-questions asked Response Percentage 
Chi-square 
significance 
Trust in people outside family 
(n=340) 
None 4% <0.01 
1to5 68%  
>5 28%  
Trust in government agencies 
(n=340) 
Strongly disagree 9% <0.001 
Neutral 2%  
Strongly agree 89%  
Trust in NGOs (n=335) 
Strongly disagree 50% <0.001 
Neutral 18%  
Strongly agree 31%  
Trust in Panchayati Raj 
Institutions (n=340) 
Strongly disagree 15% 
0.059 
 Neutral 5%  
 Strongly agree 80%  
Trust in private agencies 
(n=331) 
Strongly disagree 66%  
Neutral 15%  
Strongly agree 17%  
Trust in academics/scientists 
(n=339) 
Strongly disagree 8% <0.001 
Neutral 2%  
Strongly agree 90%  
 
4.4.5. Willingness to pay for arsenic-free water 
The majority of the respondents were willing to pay for arsenic-free water to a 
lesser (<Rs.25) or greater extent (>Rs.50), with only 4% of the participants showing 
no willingness to pay for arsenic-free water (Table 4.6). Willingness to pay for 
arsenic-free drinking water among the respondents in the surveyed villages was 
significantly different (p=<0.001) (Table 4.6). 
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Table 4.6: Willingness to pay for arsenic-free drinking water  
Willingness to pay for arsenic-free drinking water (n=340) Percentage 
Chi-square 
significance 
None  4% <0.001 
<Rs.25 per month 56%  
>Rs.50 per month 40%  
 
4.4.6. Awareness about arsenic and associated issues 
The majority of the individuals were either not aware of arsenic-related issues 
or had low awareness (Table 4.7). Only 4% of the respondents scored high awareness 
to arsenic issues in the area (Table 4.7). Based on the Chi-Square test, knowledge and 
awareness about arsenic and associated health risks were significantly different in the 
surveyed villages (p=0.016) (Table 4.7) 
 
Table 4.7: Awareness about arsenic and associated issues in the surveyed villages 
Awareness about arsenic and associated issues (n=340) Number (%) 
Chi-square 
significance 
No awareness 36% 0.016 
Low awareness 60%  
High awareness 4%  
 
4.4.7. People’s preference for arsenic-mitigation technologies 
A majority of the population preferred arsenic treatment units (39%) as a 
convenient and sustainable source of arsenic-free water, followed by piped water 
supply (36%), deep tube wells (11%), and dug wells/open wells (10%). Only four 
respondents (1%) preferred rainwater harvesting systems as a convenient and 
sustainable arsenic-mitigation technology (Figure 4.2). Preferences for arsenic 
treatment units, deep tube wells, dug wells/open wells, piped water supply and 
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rainwater harvesting systems by the respondents were significantly different 
(p=<0.001) across the three surveyed villages. 
 
Figure 4.2: Arsenic-mitigation preferences in the surveyed villages 
Sources for graphics: 
http://www.supplyhouse.com/Aqua-Pure-Water-Filters-11900000 
http://www.drfranklipman.com/why-you-simply-must-filter-your-water/ 
 
4.4.7.1. Most preferred arsenic-mitigation technologies: arsenic filtration units 
and piped water supply systems 
Providing arsenic treatment units could help reduce health risks to at least 39% 
of the population in the surveyed communities, who are exposed to arsenic through 
drinking water. An arsenic-mitigation plan could be designed emphasizing provisions 
of arsenic treatment units in the villages. However, lessons learned from other studies 
should be incorporated in any mitigation policy before implementing it for the benefit 
of the at-risk population. For instance, in a recent feasibility study of a popular Sono 
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arsenic-filter, the authors found that about 28% of the tested filters were abandoned 
because of the repair cost, maintenance problems, lack of guidelines for sludge-
disposal, slow flow rate, and the implementation approach suffered from a serious 
lack of ownership (Hussam and Munir 2007, Shafiquzzaman, Azam et al. 2009). 
Since a majority of the communities in this study were found to be willing to pay less 
than Rs.25, followed by >Rs.25, amounting up to Rs.500 per month, arsenic treatment 
units with an initial investment of Rs.25 per month could solve the arsenic problem of 
at least 56% of the population in the area. Furthermore, arsenic treatment units that 
require more than Rs.25 per month with a maximum limit of Rs.100 could improve 
the lives of 40% of the surveyed population. Moreover, it is advisable that pictorial 
instruction manuals for arsenic treatment units be provided to the beneficiaries with 
proper training to operate and maintain the units. The communities need easy access 
to the replacement parts of arsenic treatment units. For example, in this study we 
found that a newly installed arsenic removal unit was defunct as a consequence of 
installation in an inappropriate site, followed by unavailability of resources for minor 
repairs, and unavailability of technical experts (Figure 4.3).  
 
Figure 4.3: Nonfunctional arsenic-removal unit in Bhawani Tola (photograph by 
Sushant Singh, 2013) 
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Piped water supply was found to be the second most preferred arsenic-
mitigation technology in the area. The government of India has initiated projects to 
provide arsenic-free water in 120 villages in the MGP (Singh, Ghosh et al. 2014). 
However, the operation and maintenance costs and the corruption involved in setting 
up and establishing such systems are issues of serious concern, as have previously 
been reported in the literature (Ahmad, Sayed et al. 2007, Shafiquzzaman, Azam et al. 
2009). The respondents in this study expressed similar concerns. 
4.4.7.2. Least preferred arsenic-mitigation technologies: deep tube wells, dug 
wells, and rainwater harvesting systems 
Only 11% of the population preferred deep tube wells as a convenient and 
feasible arsenic-mitigation technology in the area. Deep tube wells are usually 
installed by a government agency as arsenic-free drinking water sources (Figure 4.4). 
The low preference for deep tube wells could be due to known arsenic contamination 
in the existing deep tube wells in the villages, their location on private property, or 
known technical difficulties with existing deep tube wells.  
 
Figure 4.4: A typical deep tube wells installed by the state government (photograph 
by Sushant Singh, 2013) 
132 
 
 
 
There is no one who is formally responsible for maintaining these deep tube 
wells. When these units fail there is a lack of willingness to fix them or to contact the 
PHED engineers, leading to the abandonment of those units. This observation is in 
line with several studies where community based arsenic-free water sources were 
found to be nonfunctional (Shafiquzzaman, Azam et al. 2009). Moreover, identifying 
arsenic-free deep aquifers in which to install deep tube wells is another challenge, as 
the spatial distribution of arsenic in the groundwater in the MGP is highly variable. 
Additionally, high installation costs, interference from other contaminants (for 
example high concentrations of iron, fluoride, nitrate, and salts) are some of the major 
constraints in the successful installation and continuous use of deep tube wells (Saha 
2009, Saha, Dwivedi et al. 2009).  
Long term quality of the targeted groundwater sources accessed by deep tube 
wells is not clear. For example, Ravenscroft et al. (2013) reported that there is no 
evidence of deterioration of the groundwater quality over a period of more than a 
decade (Ravenscroft, McArthur et al. 2013). On the other hand, it was also reported 
that overexploitation of deep aquifers might lead to contamination from the 
downward movement of water from shallow arsenic-contaminated aquifers 
(Shibasaki, Lei et al. 2007). Deep tube well units require regular monitoring, as 
leakage from the shallow aquifers to the deep aquifers and construction deformities in 
the installed deep tube wells units could cause arsenic-contamination of the deeper 
aquifers (Winkel, Trang et al. 2011). Therefore, communities must take responsibility 
for appropriate use and maintenance of deep tube wells. Assistance from trained 
masons and access to replacement parts would significantly promote the sustainable 
use of deep tube wells in the villages and improve the lives of at risk populations. 
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Dug wells, usually 10 to 20 m deep, are arsenic-free, or in some cases, have 
arsenic levels below the WHO standards of 10µg/L in the MGP (Saha, Dwivedi et al. 
2009). About 10% of the respondents reported that dug wells/open wells could be a 
convenient and feasible option for arsenic-free water in their localities. Dug wells are 
the traditional way of extracting groundwater in rural India. A switch from surface 
water extraction to groundwater extraction led to the abandonment of these wells. The 
communities in the study area showed interest in renovating and maintaining the 
abandoned dug wells, provided the costs are covered by the government or other 
agencies. 
In most circumstances, the owners of dug wells on private property were 
willing to share water with their neighbors and others in need. A couple of renovated 
and newly constructed dug wells were found in the area, but all were defunct (Figure 
4.5). Most of the abandoned dug wells were in good condition and they could be 
renovated with small investments. However, the probability of bacterial 
contamination might be one of the major hindrances in the success of dug wells, as 
reported in newly constructed wells in West Bengal (Hira-Smith, Yuan et al. 2007). 
The surveyed villages experience floods almost every year because of the River 
Ganges or the River Son. Therefore, the likelihood of bacterial contamination in deep 
tube wells and dug wells is very high. Villagers reported that most of the hand pumps 
were yielding dirty water after floods in July 2013. Therefore, regular chlorination is 
required to prevent bacterial contamination in newly renovated dug wells (Hira-
Smith, Yuan et al. 2007).  
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Figure 4.5: An abandoned arsenic-free open dug well in Rampur Diara, Maner, 
Patna, Bihar, India (photograph by Sushant Singh, 2013) 
 
Only 1% of the population reported that a rainwater harvesting system could 
be a convenient and feasible source of arsenic-free water. A few rainwater harvesting 
units have been installed in the surveyed villages. Although a rainwater harvesting 
unit was installed in a school, the villagers reported that it has never been used since 
the installation date. High installation costs, lack of adequate rainfall of about 1600 
mm/year or more, and need for regular maintenance to maintain system hygiene and 
avoid external contamination are some of the major challenges associated with this 
option (Ahmed and Rahman 2000, Sutherland, Kabir et al. 2001, Howard, Ahmed et 
al. 2006). About 78% of the surveyed population lacks proper housing with concrete 
roofs necessary to support the rainwater harvesting components. Therefore, rainwater 
harvesting does not seem to be a good fit for such communities, as evidenced by their 
minimal response in preferring this option as a convenient and feasible alternative of 
arsenic-free water. Also, it could be because of lack of knowledge about, or failure of 
rainwater harvesting systems in the neighboring village (Rampur Diara).  
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4.4.8. Binary logistic regression models of arsenic-mitigation 
4.4.8.1. Binary logistic regression model of arsenic treatment units 
Based on the contingency analysis, a total of 19 independent variables were 
found to be statistically significant and were recruited to fit the model. All the 
selected predictors did not show multicollinearity as the tolerance and the VIF values 
were within the acceptable range of >0.1 and <10 respectively (Table 4.8).  
 
Table 4.8: Correlation and Collinearity statistics details for arsenic treatment unit 
  
Collinearity 
Statistics 
Variables 
Correlation 
Coefficient 
Tolerance VIF 
Age -.112* .870 1.150 
Caste -.363** .630 1.586 
Education level -.125** .681 1.468 
Housing status  -.198** .759 1.317 
Number of family members involved in water 
collection 
.207** .806 1.241 
Time spent, per day, by each involved household 
member for collection of water 
-.114* .778 1.286 
Place for defecation -.153** .462 2.163 
Materials used to wash hands after defecation -.141** .477 2.097 
Arsenic awareness index -.223** .744 1.345 
Willingness to pay for arsenic-free drinking water .215** .834 1.199 
Opinion about the presence and functionality of 
Anganwadi 
.195** .826 1.211 
Opinion about the presence and functionality of 
Mahila Samakhya 
.128* .729 1.372 
Trust in people outside family -.295** .802 1.247 
Trust in government agencies .151** .775 1.290 
Trust in NGOs -.331** .673 1.487 
Trust in Panchayat Raj Institutions -.135* .770 1.299 
Trust in private agencies -.239** .832 1.201 
Trust in academics/scientists .143** .730 1.370 
Neighbors and others seeking advice and valuing 
opinion 
-.276** .683 1.464 
**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
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The probability of the full model Chi-Square (183.983) was p<.001. 
Therefore, the full predictive model with all the independent variables, predicts the 
odds of selecting arsenic treatment units as a convenient and feasible arsenic 
mitigation technology, and was found to be significantly better than a null model that 
does not include any predictor (Warner 2012). Ratios of valid cases to independent 
variables (41/1) were found to be satisfactory at the minimum ratio of 10/1 (Hosmer 
Jr, Lemeshow et al. 2013). The strength of the association between the arsenic 
awareness index, willingness to pay for arsenic-free water, opinion about the presence 
and functionality of Mahila Samakhya, trust in people, trust in government agencies, 
NGOs, and private agencies, respondents’ social capital (people seeking their advice 
and valuing their opinion), and preference for arsenic treatment unit as a feasible and 
convenient source of arsenic-free water was relatively strong with Cox and Snell’s 
R2=0.429 and Nagelkerke’s R2=0.585 (Table 4.9). Therefore, the model indicates that 
58.5% (the Nagelkerke’s R2) of the independencies between the response variable and 
the predictors can be explained. The pseudo R2 value (0.334) was found to be greater 
than the set value of 0.2, which indicates a relatively good fit (Ozdemir 2011). Among 
all the predictors, trust in people was found to be the most important predictor, as it 
was the first selected independent variable in the model. 
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Table 4.9: Binary Logistic Regression Model of arsenic treatment units 
    
p-value Exp(B) 
CI 
Variables Reference category Lower Upper 
Arsenic awareness index High awareness 0.019       
No awareness   0.009 0.110 0.021 0.574 
Low awareness   0.005 0.107 0.022 0.509 
Willingness to pay for 
arsenic-free water 
None 0.002       
<Rs.25   0.293 3.693 0.324 42.137 
>Rs.25   0.053 11.348 0.972 132.432 
Opinion about presence 
and functionality of 
Mahila Samakhya 
Strongly agree 0.010 
      
Not available   0.025 3.350 1.166 9.625 
Strongly disagree   0.008 3.630 1.392 9.469 
Neutral   0.001 7.170 2.157 23.834 
Trust in people >5people 0.000       
None   0.856 0.843 0.132 5.367 
1to5 people   0.000 8.080 3.057 21.357 
Trust in governmental 
agencies 
Strongly agree 0.004       
Strongly disagree   0.001 0.055 0.010 0.309 
Neutral   0.528 0.545 0.083 3.584 
Trust in NGOs Strongly agree 0.027       
Strongly disagree   0.011 3.609 1.349 9.653 
Neutral   0.021 4.940 1.279 19.085 
Trust in private agencies Strongly agree 0.01       
Strongly disagree   0.003 9.000 2.090 38.753 
Neutral   0.069 4.766 0.887 25.602 
Neighbors and others 
seeking advice and 
valuing opinion 
Strongly agree 0.000       
Strongly disagree   0.000 4.779 2.067 11.05 
Neutral   0.002 7.227 2.007 26.027 
Cox & Snell R2=0.429; Nagelkerke’s R2=0.586; Pseudo R2=0.334 
From the BLRM, no awareness (OR=0.110, p=0.009) or low awareness 
(OR=0.107, p=0.009) of arsenic and associated health issues among the surveyed 
respondents places the communities at lower odds of preferring arsenic treatment 
units as a convenient and feasible arsenic mitigation technology. Inverting this odds 
ratio for easier interpretation, the respondents with a higher arsenic awareness index 
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were about 9 and 9.3 times more likely to prefer arsenic treatment units than the 
communities with no awareness or low awareness, respectively. Respondents with the 
WTP of <Rs.25 (OR=3.6, p=0.293) and the WTP of >Rs.25 (OR=11.348, p=0.053) 
for arsenic-free water were 3.6 to 11.3 times more likely to prefer arsenic treatment 
units than people with no WTP for arsenic-free water. People who responded that 
Mahila Samakhya is either not available (OR=3.3, p=0.025), not functioning 
(OR=3.6, p=0.008), or who showed a neutral response (OR=7.1, p=0.001) were 3.3 to 
7.1 times more likely to prefer arsenic treatment units than people who strongly 
agreed with the presence and functionality of Mahila Samakhya in the villages.  
Respondents who trust 1 to 5 people outside their family (OR=8.0, p=<0.001) 
were 8 times more likely to prefer arsenic treatment units than the communities who 
reported higher trust in others.  The communities who had no trust in government 
agencies (OR=0.055, p=0.001) were less likely to prefer arsenic treatment units than 
people with trust in government agencies. In other words, respondents with trust in 
government agencies were 18 times more likely to prefer arsenic treatment units than 
the respondents with no trust. However, those who had no trust in either NGOs 
(OR=3.6, p=0.011) or private agencies (OR=9.0, p=0.003) were respectively, 3.6 and 
9 times more likely to prefer arsenic treatment units than people with higher level of 
trust in these agencies. Respondents with lower social capital (e.g., their neighbors do 
not seek their advice or value their views), (OR=4.7, p=<0.001) were 4.7 times more 
likely to prefer arsenic treatment units than those with higher social capital. 
The predicted accuracy for selecting arsenic treatment units was 69%, and 
86.8% for not choosing arsenic treatment units, with an overall predicted accuracy of 
80.2%. The criterion for classification accuracy was satisfactory, as it is greater than 
139 
 
 
 
the proportional by chance accuracy criteria of 25%. Values from sensitivity and 
specificity tests were higher (0.87 and 0.69) (Warner 2012). This further explains that 
the independent variables included in the model could be characterized as useful 
predictors and the logistic regression model was a good fit (Appendix IV.I). 
4.4.9. Binary logistic regression model of piped water supply systems 
In the BLRM of piped water supply, a total of nine variables were found to be 
statistically significant and were recruited to fit the model. The predictors included in 
the model did not show multicollinearity as the tolerance and the VIF values were 
within the acceptable range of >0.1 and <10 respectively (Table 4.10). 
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Table 4.10: Correlation and Collinearity statistics details for piped water supply 
  
Collinearity 
Statistics 
Variables 
Correlation 
Coefficient 
Tolerance VIF 
Gender .116* 0.901 1.109 
Caste  .363** 0.547 1.828 
Education level  .240** 0.622 1.609 
Occupation  .161** 0.382 2.615 
Housing status .245** 0.702 1.424 
Number of family members involved in water 
collection 
-.176** 0.412 2.427 
Time spent for collection of water -.128* 0.218 4.578 
Distance from water source -.139* 0.227 4.415 
Place for defecation .266** 0.434 2.306 
Material used to wash hands after defecation -.287** 0.465 2.152 
Arsenic awareness index .280** 0.718 1.393 
Willing to pay for arsenic-free drinking water -.288** 0.808 1.238 
Opinion about presence and functionality of 
Anganwadi 
-.188** 0.794 1.259 
Opinion about presence functionality of Mahila 
Samakhya 
-.346** 0.579 1.728 
Opinion about presence and functionality of Self 
Help Group 
-.295** 0.586 1.707 
Trust in people outside family .163** 0.757 1.321 
Trust in NGOs .388** 0.636 1.572 
Trust in private agencies .173** 0.809 1.236 
Neighbors and others seeking advice and valuing 
opinion 
.272** 0.661 1.513 
**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
 
The probability of the model Chi-Square (145.214) was p<.001. Therefore, the 
full predictive model with all the independent variables predicts the odds of selecting 
piped water supply as a convenient and feasible arsenic-mitigation technology 
significantly better than a null model that does not include any predictors (Warner 
2012). Ratios of valid cases to independent variables (37/1) were found to be 
satisfactory at the minimum ratio of 10/1 (Hosmer Jr, Lemeshow et al. 2013). The 
strength of the association between gender, caste, sanitation habits (hand washing), 
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WTP for arsenic-free water, opinion about the presence and functionality of 
Anganwadi and Self Help Group, trust in people, and respondents’ social capital 
(determined as people seeking their advice and valuing their opinion) and preference 
for piped water supply as a feasible and convenient source of arsenic-free water was 
moderately stronger with Cox and Snell’s R2=0.415 and Nagelkerke’s R2=0.566 
(Table 4.11). The Pseudo R2 value (0.324) was found to be greater than the set value 
of 0.2, which indicates a relatively good fit (Ozdemir 2011). Among all the predictors, 
caste was found to be the most important predictor, as it was the first selected 
independent variable in the model. The backward caste respondents were less likely 
(OR=0.27, p=0.002) to prefer piped water supply systems than the forward caste 
respondents. Reverting the odds, it can be interpreted that the forward caste 
communities were more than three times more likely to prefer piped water supply 
than the backward caste population (Table 4.11).  
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Table 4.11: Binary Logistic Regression Model of piped water supply 
    
p-value OR 
CI 
Variables Reference category Lower Upper 
Caste Forward caste 0.008       
Scheduled caste   0.147 0.394 0.112 1.387 
Backward caste   0.002 0.229 0.118 0.620 
Occupation Job/Business 0.014       
Unemployed   0.034 4.432 1.122 17.502 
Labor   0.013 3.597 1.317 9.823 
Agriculture   0.923 0.959 0.406 2.264 
Hand washing Soap/Ash 0.033    
Soil   0.353 0.135 0.920 
Willingness to pay 
for arsenic-free 
water 
None 0.004       
<Rs.25   0.818 0.845 0.200 3.559 
>Rs.25   0.083 0.258 0.056 1.193 
Opinion about the 
presence and 
functionality of 
Anganwadi 
Strongly agree 0.044       
Not available   0.955 1.098 0.043 28.148 
Strongly disagree   0.005 2.742 1.366 5.505 
Neutral   0.455 1.532 0.500 4.696 
Opinion about the 
presence and 
functionality of 
Self Help Group 
Strongly agree 0.000       
Not available   0.000 6.669 2.663 16.705 
Strongly disagree   0.255 1.816 0.649 5.080 
Neutral   0.010 5.687 1.504 21.506 
Trust in people >5 people 0.053       
None   0.566 0.662 0.162 2.706 
1to5 people   0.017 0.407 0.195 0.849 
People seeking 
advice and valuing 
opinion 
Strongly agree 0.000       
Strongly disagree   0.001 0.261 0.118 0.578 
Neutral   0.003 0.139 0.037 0.519 
Cox & Snell R2=0.415; Nagelkerke’s R2=0.566; Pseudo R2=0.324 
The communities with no education (OR=0.042, p=<0.001), primary 
education (PR=0.571, p=0.299), and secondary education (OR=0.382, p=0.085) were 
less likely to prefer piped water supply than the respondents with college degrees. 
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People who were unemployed (OR=5.6, p=0.032) or worked as daily wage laborers 
(OR=6.8, p=0.001) were respectively 5.6 and 6.8 times more likely to prefer piped 
water supply than people who had a job or owned a business for their livelihood. As 
expected, the communities living in straw houses (OR=0.047, p=0.008) were less 
likely to prefer piped water supply than the respondents living in pucca houses. 
People with no willingness to pay for arsenic-free water were more likely to prefer 
piped water supply than people with low (OR=0.835, p=0.814) or higher willingness 
to pay (OR=0.274, p=0.110). Respondents who strongly disagreed (OR=3.3, p=0.002) 
with the presence and functionality of Anganwadi were 3.3 times more likely to prefer 
piped water supply than people who supported Anganwadi. Moreover, people who 
reported that there was no Self Help Group (OR=8.4, p=<0.001) in the area or were 
neutral (OR=6.1, p=0.011) were 8.4 and 6 times more likely to prefer piped water 
supply than respondents who strongly agreed with the presence and functionality of 
Self Help Group. People with a higher level of trust (OR=0.36, p=0.010) in their 
neighbors were 4% less likely to prefer piped water supply. Similarly, people with 
lower social capital (OR=0.280, p=0.004) were 2.8% less likely to prefer piped water 
supply than the communities with higher social capital. In other words, it could be 
explained by the fact that the communities with higher social capital were at least 3 
times more likely to prefer piped water supply than the communities with no social 
capital, or those who had a neutral response, respectively (Table 4.11).  
The BLRM was able to predict 78.5% of the probability to prefer piped water 
supply, and 85% probability to not prefer piped water supply, with the overall 
prediction accuracy of 82.6%, which satisfies the criterion for classification accuracy 
(Appendix IV.I). The sensitivity test (0.86) and the specificity test (0.67) produced a 
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comparatively higher value (Warner 2012). This further explains that the independent 
variables included in the model could be characterized as useful predictors and the 
logistic regression model has a good fit. 
4.4.10. Binary logistic regression model of deep tube wells 
In the BLRM of deep tube wells, a total of four variables were found to be 
statistically significant and were recruited to fit the model. The predictors included in 
the model did not show multicollinearity as the tolerance and the VIF values were 
within the acceptable range of >0.1 and <10 respectively (Table 4.12). 
 
Table 4.12: Correlation and Collinearity statistics details for deep tube wells 
  
Collinearity 
Statistics 
Variables 
Correlation 
Coefficient 
Tolerance VIF 
Age  .166** .965 1.037 
Agricultural landholdings .137* .905 1.105 
Housing status -.124* .792 1.263 
Time spent, per day, by each involved household 
member for collection of water 
.376** .230 4.346 
Distance from water source .335** .247 4.056 
Arsenic awareness index -.149** .824 1.213 
Willing to pay for arsenic-free drinking water -.115* .900 1.111 
Opinion about presence and functionality of Mahila 
Samakhya 
.220** .618 1.618 
Opinion about presence and functionality of Self Help 
Group 
.190** .651 1.535 
Trust in NGOs -.128* .731 1.368 
Trust in private agencies -.119* .884 1.131 
Neighbors and others seeking advice and valuing 
opinion 
..118* .833 1.201 
**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
 
The probability of the model Chi-Square (72.666) was p<.001. Therefore, the 
full predictive model with all the independent variables, predicts the odds of selecting 
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deep tube wells as a convenient and feasible arsenic-mitigation technology 
significantly better than a null model that does not include any predictors (Warner 
2012). Ratios of valid cases to independent variables (82/1) were found to be 
satisfactory at the preferred ratio of 50/1 (Hosmer Jr, Lemeshow et al. 2013). The 
strength of the association between age, distance from water source, WTP for arsenic-
free water, and opinion about the presence and functionality of Mahila Samakhya and 
preference for deep tube wells as a feasible and convenient source of arsenic-free 
water was relatively weaker with Cox and Snell’s R2=.199 and Nagelkerke’s 
R2=0.388 (Table 4.13). The Pseudo R2 value was found to be equal (0.2) to the set 
value of 0.2, which indicates that the data did not fit well (Ozdemir 2011). After 
revisiting the frequency distribution for the response to deep tube wells, we found that 
only 10% of the respondents opted for deep tube wells. A possible explanation could 
be that a minimum percentage of positive response is needed to fit the logistic 
regression model with an appropriate sample size (Park 2013).  
Among all the predictors, time spent collecting water was found to be the most 
important predictor as it was the first selected independent variable in the model. The 
likelihood of selecting deep tube wells in all the age groups (OR=1.0, p=0.008) was 
equal in the communities. The respondents who spent less than 10 minutes per day 
collecting water (OR=0.165, p=<0.001) were less likely to select deep tube wells than 
the people who devoted more than 10 minutes per day. In other words, the 
communities that devoted more than 10 minutes per day collecting water were at least 
5 times more likely to choose deep tube wells than the communities who spent less 
than 10 minutes per day collecting water. Respondents with no WTP for arsenic-free 
water were more likely to prefer deep tube wells than people with WTP>Rs.25 
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(OR=0.287, p=0.176) for arsenic-free water. However, the likelihood to select deep 
tube wells was equal amongst the communities with no WTP and WTP <Rs.25 
(OR=1.0, p=0.987). People who responded that Mahila Samakhya is either not 
available (OR=0.143, p<0.001) or not functioning (OR=0.249, p=0.01) were less 
likely to prefer deep tube wells than people who strongly agreed with the presence 
and functionality of Mahila Samakhya (Table 4.13).  
The BLRM was able to predict only 36.8% of the odds of selecting deep tube 
wells. The prediction for not selecting deep tubes wells was 98%, and the overall 
prediction rate was 91%. The criterion for classification accuracy was found to be less 
than the proportional by chance accuracy criteria of 25%. Therefore, the model did 
not predict the odds well (Appendix IV.I). The sensitivity test had a higher value 
(0.98). However, the specificity test produced a comparatively lower value (0.37) 
(Warner 2012).  
 
Table 4.13: Binary Logistic Regression Model of deep tube wells 
    
p-value OR 
CI 
Variables Reference category Lower Upper 
Age   0.008 1.039 1.010 1.068 
Time spend for water 
collection 
 >10 minutes 0.000    
<10 minutes   0.166 0.061 0.455 
Willingness to pay for 
arsenic-free water 
None 0.0310       
<Rs.25   0.770 1.286 0.239 6.930 
>Rs.25   0.243 0.343 0.057 2.072 
Opinion about presence and 
functionality of Mahila 
Samakhya 
Strongly agree 0.001       
Not available   0.000 0.120 0.041 0.349 
Strongly disagree   0.005 0.224 0.079 0.639 
Neutral   0.997 0 0 . 
Cox & Snell R2=0.199; Nagelkerke’s R2=0.388; Pseudo R2=0.2 
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4.4.11. Binary logistic regression model of dug wells/open wells 
In the BLRM of dug wells/open wells, a total of four variables were found to 
be statistically significant and were recruited to fit the model. The predictors included 
in the model did not show multicollinearity as the tolerance and the VIF values were 
within the acceptable range of >0.1 and <10 respectively (Table 4.14) 
 
Table 4.14: Correlation and Collinearity statistics details for dug wells/open wells 
  
Collinearity 
Statistics 
Variables 
Correlation 
Coefficient 
Tolerance VIF 
Gender -.144** 0.901 1.109 
Income group  -.185** 0.508 1.969 
Material used to wash hands after defecation -.129* 0.465 2.152 
Willing to pay for arsenic-free drinking water .137* 0.808 1.238 
Opinion about presence and functionality of Self 
Help Group 
.174** 0.586 1.707 
Trust in people outside family .231** 0.757 1.321 
Trust in private agencies .111* 0.809 1.236 
Trust in academics/scientists -.285** 0.666 1.501 
Participate in panchayat activities -.153** 0.653 1.532 
**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
 
The probability of the model Chi-Square (54.214) was p<.001. Therefore, the 
full predictive model with all the independent variables, predicts the odds of selecting 
dug wells as a convenient and feasible arsenic-mitigation technology significantly 
better than a null model that does not include any predictors (Warner 2012). Ratios of 
valid cases to independent variables (83/1) were found to be satisfactory at the 
preferred ratio of 50/1 (Hosmer Jr, Lemeshow et al. 2013). The strength of the 
association between gender, income group, opinion about the presence and 
functionality of self-help group, trust in people and preference for dug wells as a 
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feasible and convenient source of arsenic-free water was relatively weaker with Cox 
and Snell’s R2=0.164 and Nagelkerke’s R2=0.333 (Table 4.14). The derived Pseudo 
R2 value was (0.175) found to be less than the set value of 0.2, which indicates a 
relatively poor fit (Ozdemir 2011). Among all the predictors, income group was found 
to be the most important predictor as it was the first selected independent variable in 
the model. Women (OR=4.1, p=0.048) were 4.1 times more likely to prefer dug wells 
as a convenient and feasible source of arsenic-free water than men. Respondents 
living below the poverty line with monthly cash income less than Rs.500 (OR=9.9, 
p=0.001) were 9.9 times more likely to prefer dug wells than those who were earning 
more than Rs.10,000 per month. However, people who reported that self-help groups 
are not available in the villages (OR=0.24, p=0.005) or did not agree about the 
presence and functionality of Self Help Groups (OR=0.20, p=0.009) in the area were 
less likely to prefer dug wells than people who strongly agreed about the presence and 
functionality of Self Help Groups in the project area. Moreover, people with moderate 
trust (1 to 5 people) in their neighbors (OR=0.164, p=<0.001) were less likely to 
prefer dug wells than people with a high level of trust (>5 people) in others (Table 
4.15). 
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Table 4.15: Binary Logistic Regression Model of dug wells/open wells 
    
p-value OR 
CI 
Variables Reference category Lower Upper 
Gender Male 0.048    
Female   4.102 1.011 16.644 
Income group Upper APL <0.001       
BPL   0.001 9.929 2.526 39.034 
APL   0.785 0.855 0.280 2.629 
Opinion about presence and 
functionality of Self Help 
Group 
Strongly agree 0.012       
Not available   0.005 0.239 0.089 0.645 
Strongly agree   0.009 0.202 0.061 0.677 
Neutral   0.504 0.555 0.098 3.126 
Trust in people >5 0.000       
None   0.837 1.193 0.222 6.409 
1 to 5 people   0.000 0.164 0.066 0.410 
 
Similar to the BLRM of deep tube wells, the BLRM of dug wells was able to 
predict only 34% of the probability to select dug wells, and with 99% not opting for 
dug wells, leading to an overall accuracy of 92.4%. Therefore, the criterion for 
classification accuracy was found to be less than the proportional by chance accuracy 
criteria of 25% (Appendix IV.I). The sensitivity test reached to the maximum level 
(1). However, the specificity test produced a comparatively lower value (0.31) 
(Warner 2012). After revisiting the frequency distribution for the response for dug 
wells, we found that only 10% of the respondents preferred dug wells as a convenient 
and feasible source of arsenic-free water. A possible explanation could be that we 
could not get the minimum required percentage of positive responses to fit a logistic 
regression model with an appropriate sample size (Park 2013). 
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4.5. Conclusion 
A majority of the surveyed respondents could be characterized as 
marginalized. A quarter of the population was illiterate. More than 62% of the 
population had a larger than average household size. More than 80% of the population 
had no proper job and they were either unemployed, engaged in daily wage labor, or 
were dependent on agriculture for their livelihood. About 70% of the population lived 
in sub-standard housing.  
Based on the contingency analysis, gender, age, education level, income, 
occupation, housing status, time spent collecting water, distance travelled to collect 
water, WTP for arsenic-free sources, and awareness about arsenic and associated 
issues were found to be significant variables, which is in line with the previous studies 
(Ahmad, Sayed et al. 2007, Shafiquzzaman, Azam et al. 2009). It is important to 
mention here that only 17 female respondents participated in the current survey. 
Therefore, to draw a clear conclusion on role of gender in the preference for arsenic-
mitigation technologies would be over promising. However, this is the first study that 
offers insights that, beyond the regular socioeconomic and demographic variables, 
there are other social factors including presence and functionality of institutions, trust 
in operating agencies in the areas, and people’s trust in neighbors in the communities, 
which should be considered in future studies to evaluate acceptability of any arsenic-
mitigation policy.  Trust in people and WTP for arsenic-free water were found to be 
the common predictors in three models. However, social capital, presence and 
functionality of Mahila Samakhya, and presence and functionality of self-help group 
were the common predictors in at least two models. 
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The communities selected arsenic treatment units and piped water supply as 
the most convenient and feasible options in the villages. A mixed model of these two 
arsenic-mitigation options targeting poor, scheduled castes, and backward castes 
communities for arsenic treatment units and relatively affluent and/or forward castes 
communities could be an ideal arsenic-mitigation policy in the area. Along with the 
provision of these options, strengthening existing institutions, empowering agencies, 
and enlightening people about arsenic and associated problems should be necessary. 
The respondents in all the three surveyed villages equally trust in government 
agencies therefore, government-led initiatives are most likely to be successful in these 
villages. Additionally, higher trust in Panchayati Raj Institutions and 
academics/scientists also suggest that the likelihood of success of initiatives led by 
these two agencies would be greater in these villages.  
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CHAPTER-V 
Likelihood of adoption of arsenic-mitigation technologies under perceived risks to 
health, income, and social discrimination to arsenic contamination 
Abstract 
This chapter aims to identify the factors shaping people’s perceived health 
risks, economic risks, and risks of social discrimination in an Indian rural region that 
confronts severe and chronic groundwater arsenic contamination. A total of 340 
households comprising a population of about 2500 were surveyed in three arsenic-
affected villages of Bihar, India. A stratified sampling method was applied to conduct 
the survey and to collect data on the age, gender, caste, education, income, housing 
status, agricultural landholdings, water and sanitation status, and awareness about 
groundwater arsenic and its impact. Responses about the people’s prioritization of 
socio-environmental problems and their social capital were recorded on a 5-point 
Likert scale. A bivariate analysis was performed to derive the predictors of risk 
perceptions. 
The average population perceives health risks and economic risks to arsenic-
contaminated groundwater, but registers a neutral response to perceived social 
discrimination risk. Caste, education, income, sanitation practices, people’s 
prioritization of socio-environmental problems, arsenic awareness, and social capital, 
were the strongest predictors of perceived economic risk. The same variables as above 
(with the exception of income, sanitation practices, and social capital) with additional 
factors like agricultural landholdings, and social trust, were the strongest predictors of 
perceived health risks. However, in the case of perceived social discrimination risk, 
the respondents’ agricultural landholdings, people’s prioritization of social problems, 
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arsenic awareness, and social capital, were the strongest predictors. This study 
proposes a conceptual framework to analyze the multi-dimensional and complex 
nature of the risk perception of groundwater contaminants and related environmental 
problems. 
 
Keywords: Arsenic; Health risk-perception; Economic risk-perception; Social 
discrimination risk-perception; Decision-making; socioeconomic-demographic; 
Social capital 
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5. Introduction 
Risk perceptions play a vital role in the development of government policies 
and their subsequent adoption, as they significantly influence individuals’ proclivities 
for hazards management that could affect human safety and health, or ecological 
conditions (Gerber and Neeley 2005). “Greater perceived risk generally produces 
support for more proactive policies to manage potential hazards” (Gerber and Neely 
2005). According to Kunreuther (1996), “if the risk is perceived to be relatively high, 
then there is increased interest in purchasing a policy” to manage the risk (Kunreuther 
and Slovic 1996, Acharyya and Shah 2004).  Risk perception analyses could also 
assist in advancing the understanding of community decision-making processes 
involving the adoption of pollution prevention technologies. Until now the risk 
perception framework has been mostly applied in research related to climate change 
adaptations and natural hazards, and its application in decision-making for areas such 
as flood insurance, coastal environment protection, landslides, heat waves, chemical 
industries, air pollution and hurricanes is a recent phenomenon (Bickerstaff 2004, 
Peacock, Brody et al. 2005, Carlton and Jacobson 2013, Damm, Eberhard et al. 2013, 
Huang, Ban et al. 2013, Jones, Faas et al. 2013, Tam and McDaniels 2013). In 
contrast, several current studies have underscored the importance of risk perception as 
shaping individual understanding of and response to environmental hazards (Gerber 
and Neeley 2005, Jakus, Shaw et al. 2009, Nguyen, Jakus et al. 2010).  
Underlying drivers of risk perception and the determinants of risk attribution 
to specific activities, situations, or technologies have been extensively studied (Gerber 
and Neely 2005). For instance, several studies have investigated the causal 
relationship of risk perception with preferences towards governmental hazard 
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mitigation policies (Gerber and Neeley 2005). According to the averting-behavior 
models, communities tend to have good health practices when they receive 
progressive feedback “…to reduce the adverse consequences of exposure to toxic or 
harmful substances” (Jakus, Shaw et al., 2009). Consequently, they come to have 
better health and are more likely to engage in health risk prevention activities or 
purchases (Jakus, Shaw et al. 2009).  
On the issue of groundwater contamination, there are only a handful of studies 
that have addressed the relationship between perceived risks of groundwater 
contamination and significant increase in expenditures on activities aimed at 
mitigation (Abdalla, Roach et al. 1992, Janmaat 2007). However, one consistent 
theme in the literature is the significance of subjective risks in determining corrective 
behavior as opposed to the science-based or “objective” calculations of risks, arrived 
at by experts (Nguyen, Jakus et al. 2010). The last few years have seen a growing 
interest in using socio-cognitive theories to study risk perception and motivation for 
adaptation to climate-related risks (Grothmann and Patt 2005). The increase in interest 
is driven by the recognition that knowledge and perceptions of affected communities 
can drive behavioral change, and should ultimately inform effective policy-making. 
Groundwater arsenic contamination is an environmental hazard and there are a 
number of socio-demographic factors that may influence its risk perception among the 
affected communities (Akompab, Bi et al. 2013). The value of clean, arsenic-free 
potable water to rural populations, such as those that are the subject of this paper, is 
influenced by their risk perceptions, and has important implications for social 
acceptability of arsenic-mitigation technologies being promoted. If affected 
individuals do not have much concern for arsenic-contamination despite its known 
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dangers, and place a low value on arsenic-free drinking water, then the cost of 
mitigation technologies may turn out to be a major hindrance to their promotion 
among rural households (Ahmad, Goldar et al. 2005). This point was largely 
unappreciated in the past.  
Ongoing debates about optimum community-based arsenic-filtration 
technologies tend to focus primarily (almost exclusively) on their technical merits and 
secondarily on economic affordability.  There are some studies that have applied the 
risk perception framework to water quality issues (Walker, Shaw et al. 2006, Jakus, 
Shaw et al. 2009, Dupont and Krupnick 2010, Nguyen, Jakus et al. 2010, McSpirit 
and Reid 2011, Onjala, Ndiritu et al. 2014). For example, Walker et al. (2006) found 
that consumers who perceive health risk associated with drinking arsenic-
contaminated water were about 5 times less likely to consume arsenic polluted tap 
water. In a recent study by McSpirit and Reid (2011), the authors found that people’s 
perception of poor drinking water quality in West Virginia, USA significantly 
influenced the amount of bottled water purchased. Willingness to pay for better 
environmental services and willingness to accept new environmental facilities are the 
two most important factors in the successful implementation of any mitigation 
program. These depend on many socioeconomic factors, but the most important factor 
has been reported as people’s perception and attitude towards the environment and 
health. This is one of the most dominant social factors for the acceptance and 
adoption of decentralized water systems as well. Mankan and Tapsuwan (2011) have 
suggested that perceptions associated with the threat, i.e. vulnerability, risk severity, 
and response efficacy, could influence public acceptance of decentralized water 
supplies.  
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Studies of decision-making under perceived health risk are still in the 
rudimentary stage. We did not encounter any existing studies that have evaluated 
decision-making for better environmental services under perceived risks to income 
(economic risk) or risk of social discrimination. In other words, risk is most often 
considered a singular, undifferentiated construct, neglecting its various economic, 
social and health dimensions.  As such, the roles that socioeconomic and demographic 
factors play in the perception of risk from arsenic exposure, as well as on its actual 
health impacts, are not well understood (Hanchett 2004). However, such information 
could help us determine what types of intervention programs would be more effective 
and also help in terms of tailoring the outreach messages to the specific circumstances 
involving a community. Perceptions are particularly important since research has also 
shown that awareness of groundwater arsenic-contamination does not always lead to 
adoption of mitigation techniques such as filtration (Walker, Shaw et al. 2006, 
Konishi and Coggins 2008, Walker, Seiler et al. 2008). Although existing research has 
underscored the need to contextualize risk perception of arsenic in the broader 
socioeconomic and technological settings (Severtson, Baumann et al. 2006), there 
exist important research gaps in studying the role of risk perception in the adoption of 
arsenic-mitigation technologies. 
None of the studies have attempted to investigate the causal relationships 
between socioeconomic and demographic factors, knowledge and awareness, 
institutional trust, social capital, and social trust to risk perceptions in the context of 
arsenic-contamination. However, this information could help us in designing effective 
and sustainable arsenic intervention practices.  
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This chapter aims to address two main goals related to the aforementioned 
gaps: a) to investigate people’s decision-making to adopt arsenic mitigation under 
perceived risks to health, income (economic), and social discrimination to arsenic; 
and b) to analyze the socioeconomic, demographic, and other factors that construct 
people’s risk perception to groundwater arsenic-contamination.    
5.1. Conceptual model and determinants of risk perception of groundwater 
arsenic 
The arsenic risk perception model has been conceptualized based on the 
hypothesis that; H1: the arsenic-exposed communities will adopt arsenic-mitigation 
technologies or programs under perceived health risk; perceived economic risk; and 
perceived risk of social discrimination; and H2: the existing socioeconomic and 
demographic factors, people’s prioritization of socio-environmental problems, and 
social capital, are major drivers in constructing people’s perceived risks (Figure 5.1).  
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Figure 5.1: Conceptual framework of risk perception and decision-making of arsenic-
mitigation technology 
 
5.1.1. Socioeconomic and demographic characteristics  
Gender, age, level of education, marital status, income, housing status, 
ethnicity, and race have been commonly studied to evaluate their predictive capacities 
in shaping people’s risk perceptions (Glatron and Beck 2008, Botzen, Aerts et al. 
2009). Generally, age has been found to have a positive correlation with risk 
perception to hazards (Lindell and Hwang 2008). However, negative correlations of 
risk perception and age have also been reported (Botzen, Aerts et al. 2009). Gender is 
often found to be an important determinant of risk perception as women often 
perceive risks more than men (Shepherd, Jepson et al. 2011, Shepherd, Jepson et al. 
2011). Additionally, individuals with a high income and education level have been 
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found to have a lower perception of risks (Akompab, Bi et al. 2013). Along with these 
most common socioeconomic and demographic variables, we have incorporated caste 
and agricultural landholdings of the surveyed communities. These variables have been 
selected for this study based on literature review, field studies by the authors, and 
meetings with the communities in arsenic-contaminated areas. Caste, which is an 
important variable in this study, is salient because it is a proxy for social class as 
determined by distinctions of hereditary rank, profession, or wealth (Blair 1973). In 
Indian villages, caste is still the principal institution structuring allegiances and 
relationships, and also plays a very important role in the realm of politics (Sahay 
2009). “A large and powerful caste group can be more easily dominant if its position 
in the local caste hierarchy is not too low” (Srinivas 1955). The practices of a 
dominant caste are often emulated by lower castes, thereby becoming a de facto social 
model in a village.  Due to their prestige, it is common for upper caste individuals to 
be consulted by other castes on important occasions, including ceremonial ones 
(Sahay 2009, Tsujita and Oda 2012, Tsujita and Oda 2012). Because of such 
asymmetrical social hierarchy, ‘elite capture’ of resources by the dominant caste 
(usually politically and / or economically powerful groups) has been a common story 
in many regions of India. 
5.1.2. Water and sanitation factors 
Time spent and distance travelled to collect water has been reported as two of 
the major hindrances in the success of arsenic-mitigation programs. We were 
interested to know if these two factors have any effect on the individual’s perceived 
health risk, economic risk, and social discrimination risk in the villages. In rural areas, 
the sanitation status or practices of the communities could be directly connected to 
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their socioeconomic status and awareness level about health and hygiene (Padder 
2013). Therefore, information about household sanitation practices was gathered with 
the help of questions about place for defecation and materials used for washing hands 
after defecation. 
5.1.3. Knowledge and awareness about arsenic 
Knowledge and awareness play very important roles in constructing people’s 
risk perception, as it is difficult to perceive arsenic risk in the absence of any 
understanding of its existence and adverse impacts (Akompab, Bi et al. 2013). 
Therefore, awareness about arsenic-contamination and associated health risks would 
be a pre-requisite for the existence of perceptions of risk resulting from arsenic 
exposure. Until now no study has evaluated the awareness levels in arsenic-
contaminated areas in the state. The respondents’ knowledge and awareness about 
arsenic was collected using a set of ten questions (e.g. do you know what arsenic is; 
do you know the source/s of arsenic; have you heard about arsenic and arsenic related 
health problems; is your drinking water source contaminated with arsenic; is there any 
arsenic-mitigation program operating in your area; and is the arsenic-mitigation 
program/technique effective in your area). 
5.1.4. People’s prioritization of socio-environmental problems 
A number of studies have demonstrated that people who give priority to 
environmental issues often perceive greater risk to the environment in their locality 
(Slimak and Dietz 2006). The studied areas have multiple social and environmental 
problems including floods, poverty, poor water quality, and limited water 
accessibility. Therefore, the information about the respondents’ prioritization of 
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socio-environmental problems would generate baseline data as well as help us in 
evaluating its impact on risk perceptions. 
5.1.5. Social capital 
“Social capital offers a lens to study the co-evolution of social networks and 
norms in the generation of adaptive capacity among collectives” (Pelling and High 
2005), such as communities, organizations, and sites. At the individual level it reflects 
an individual’s social relations and networks, and at the community level it embraces 
social values, equity, and trust in others (Janssens, Gaag et al. 2004, Janssens, van de 
Gaag et al. 2004). Social capital has been largely neglected in most risk perception 
investigations. In this study, we hypothesize that the communities, or an individual 
with high social capital, will perceive less risk. The underlying assumption, based on 
the literature, is that high social capital lessens the feeling of vulnerability, with the 
result that individuals perceive less risk from their local problems (De Carolis and 
Saparito 2006). Evaluating social capital in arsenic-contaminated areas would help us 
understand how individuals’ social capital influences their risk perceptions. Social 
capital was evaluated at community and at individual levels. 
5.1.5.1. Social capital at community level  
Community level social capital was assessed through evaluating the presence 
and functionality of institutions and their trusts in agencies. In the project area, 
Anganwadi, Self Help Groups, and Mahila Samakhya, are the three most active and 
visible grassroots institutions. Studies showed that Self Help Groups have worked to 
build the foundation of social capital (Janssens, van de Gaag et al. 2004). Anganwadi 
(courtyard shelter) is a government of India’s child-care and mother-care unit at 
panchayat levels, comprised of mostly female health workers (Anganwadi 2014). The 
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Mahila Samakhya is a women’s empowerment program of the government of India, 
designed to aid socioeconomically impoverished women through increased literacy 
(Janssens, Gaag et al. 2004, Janssens, van de Gaag et al. 2004). Self Help Groups are 
also comprised of socioeconomically disadvantaged women in villages in India and 
other South Asian countries. Financial support to the Self Help Group members is 
achieved through a fund developed by the group-members’ regular savings (social 
empowerment through micro-finance) (Fouillet and Augsburg 2007, Fouillet and 
Augsburg 2007).  In a recent study, the Mahila Samakhya was found to have 
successfully helped to generate social capital in the state (Janssens, Gaag et al. 2004, 
Janssens, van de Gaag et al. 2004). These institutions are also very active and 
successful in other social innovation programs like Total Sanitation Campaign in 
Bihar (Janssens, Gaag et al. 2004, Janssens, van de Gaag et al. 2004). Therefore, 
evaluating the presence and functionality of such institutions would help us 
understand the role of the existing institutions in shaping communities’ risk 
perception. People who have trust in institutions involved in mitigation activities are 
found to perceive less risk to existing environmental issues in their neighborhood 
(Carlton and Jacobson 2013). Trusts in institutions were derived for government 
agencies, non-governmental agencies, Panchayati Raj Institutions, private agencies, 
and academics/scientists. 
5.1.5.2. Social capital at individual level 
Social trust has been identified as one of the primary social factors that 
influences people’s risk perception of their environment, with higher levels of social 
trust linked to lower levels of perceived risk (Carlton and Jacobson 2013). 
Individuals’ social capital was evaluated through respondents’ social trust and through 
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their individual social capital. Social trust was assessed via people’s trust in their 
neighbors and others. Individuals’ social capital was evaluated through whether other 
community members sought their advice and valued their views, and whether they 
participate in Panchayat activities. 
5.2. Materials and Methods 
Ethics statement and survey administration is discussed in detail in Chapter I. 
In brief, 340 households were surveyed applying a stratified sampling technique 
through a structured questionnaire. 
5.2.1. Survey administration 
People’s risk perceptions were measured to evaluate the decision-making to 
adopt arsenic-mitigation technology(s) under scenarios of perceived risks to their 
health, income (economy), and social discrimination or isolation. Participants were 
presented with three scenarios to elicit their decision to adopt (or not) arsenic-
mitigation technology(s); a) Would you agree to adopt arsenic-mitigation if you 
perceive health risk due to drinking arsenic-contaminated water?  b) Would you agree 
to adopt arsenic-mitigation if you perceive economic risk due to expenses from 
arsenic-induced health problems? c) Would you agree to adopt arsenic-mitigation if 
you perceive social discrimination risk due to arsenic-induced diseases? Responses 
were recorded on a “5-point” Likert scale (i.e., Strongly Agree, Agree, Neutral, 
Disagree, and Strongly Disagree; scored from “1” to “5” respectively). 
5.2.2. Data analysis 
Statistical Package for Social Sciences (SPSS), IBM version 21 in Windows 
environment, was used for statistical analysis (IBM 2012, SPSS 2012). Descriptive 
analysis for all the variables was performed to determine the percentage frequency of 
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each variable in the surveyed villages. Here we have presented the cumulative 
frequency of each variable. A bivariate analysis was performed between the risk 
perceptions (health, economic, and social discrimination) and socioeconomic, 
demographic and other variables (IBM 2012, SPSS 2012, Warner 2012).   
5.3. Results and Discussion 
5.3.1. Socioeconomic and demographic characteristics of the surveyed population 
The majority of the respondents were male (95%), as women in rural areas 
hesitate to interact with outsiders. The maximum participation in the survey was by 
the backward castes, followed by the forward castes, and the scheduled castes, 
respectively (Table 5.1). A majority (94%) of the respondents was married, 6% had 
never been married, and one respondent was widowed. In terms of level of education, 
a total of 86% of the population had some level of education. However, the rest of the 
population (14%) was illiterate. Although the average literacy rate in the area was 
greater than the state’s literacy rate of 35%, the majority of the population had only a 
primary level of education, followed by a secondary and a college level of education, 
respectively (Table 5.1). Six people per household were found to be the average 
family size in the area.  
The largest proportion (37%) of the population was found to live in kachcha 
(mud) houses followed by pucca (brick) houses, thatched roof, and straw made roof 
houses, respectively. Altogether, a total of 33% of the population was found to be 
living in poorly constructed structures, mostly made of straw or mud. Housing status 
is generally associated with income. However, it was observed that a few respondents 
with higher income intentionally avoided better houses, as they wanted to hide or 
avoid exposing their income to the villagers. The occupation of the majority of the 
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population was found to be either wage labor (39%) or agriculture (34%) (Table 5.1). 
The majority of the respondents (71%) earn between Rs.500 to Rs.10,000 (just above 
the poverty line); 18% earned more than Rs.10,000 per month; and 11% below the 
poverty level (BPL) with a monthly income less than Rs.500 (Table 5.1). Eighty one 
percent of the respondents were defecating in open places, regardless of toilet 
availability. Only 19% of the population used toilets for defecation (Table 5.1). It was 
very surprising that the total sanitation campaign program, the government of India’s 
most ambitious program to accomplish one of the millennium development goals, had 
almost no impact on the sanitation practices in the surveyed population. 
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Table 5.1: Socioeconomic and demographic characteristics of the surveyed 
population 
Variables 
Village (%) 
Chi-square 
significance Suarmarwa 
Rampur 
Diara 
Bhawani 
Tola 
Age group 
18-28 9 15 8 0.049 
29-39 16 27 21   
40-50 36 28 36   
51-61 23 18 12   
62 and above 16 12 23   
Caste 
Scheduled caste1 23 19 20 <0.001 
Backward caste2 77 18 37   
Forward caste3 0 62 43   
Marital status 
Single4 5 9 1 0.015 
Married 95 91 99   
Education 
level 
Illiterate 49 11 14 <0.001 
Primary 
education 41 40 41   
Secondary 
education 8 31 31   
College 1 18 14   
Household 
size 
≤5 43 36 34 0.569 
>5-10> 51 56 61   
>10 5 8 5   
Occupation 
Unemployed 22 3 2 <0.001 
Labor 51 30 35   
Agriculture 20 41 39   
Job + Business 7 25 24   
Income group 
BPL(Rs.500<per 
month) 27 4 2 <0.001 
Lower 
APL(>Rs.500-
Rs.10,000 per 
month) 60 76 78   
Upper 
APL(>Rs.10,000 
per month) 13 20 20   
Agricultural 
landholdings 
No landholdings 48 65 55 0.024 
Landholdings 52 35 45   
Housing 
status 
Straw made 19 7 3 0.001 
Thatched roof 29 21 24   
Kachcha house5 30 39 44   
Pucca house6 22 34 29   
1Scheduled caste: at the bottom of the social stratification, consists of those castes that were 
associated with the most impure work and menial labor with no possibility of upward 
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mobility, and were subjected to serve social exclusion and disadvantages, in comparison to 
the other castes. 
2Backward caste: lower than the upper caste group that has been categorized as ‘Other 
Backward Classes’ (OBCs) by constitutional provision. It consists of those castes which, like 
the Scheduled Castes’, were in the past subjected to exclusions and, therefore, remained 
socially and educationally backward, despite having a higher position than the ‘Scheduled 
Castes’ in the local, traditional caste hierarchy.  
3Forward caste: upper caste, at the top of the social stratification in Indian villages. 
4Single: respondents who were never married, or, were widow, or abandoned. 
5Kachcha house: houses with temporary roofs made with cemented floor and/or wall. 
6Pucca house: houses with flooring, roof, and walls should be cemented. 
 
5.3.2. Hypothesis I: Perceived risks and decision-making for arsenic-mitigation 
technologies 
Figure 5.2 represents the decision-making to adopt arsenic-mitigation 
technologies under perceived risks according to the five point Likert scale. For further 
analysis, the response levels were collapsed to disagree (by adding strongly disagree 
and disagree), neutral (no change), and agree (by adding strongly agree and agree). 
The vast majority of individuals (91%) perceives health risk due to drinking arsenic-
contaminated water, and was willing to adopt arsenic-mitigation technologies. About 
66% of the respondents perceive economic risk from arsenic contamination. Only 
46% of the surveyed population connects risk of social discrimination with arsenic 
contamination (Table 5.2, Figure 5.2). The respondents showed a neutral response to 
perceived social discrimination risk, with the numbers almost equally split between 
those who perceive social discrimination risk and others who disagree or are neutral 
(Table 5.2, Figure 5.2).  
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Figure 5.2: Participants’ responses to statements on perceptions in the context of 
adoption of arsenic mitigation options 
 
Table 5.2: Likelihood to adopt arsenic-mitigation under perceived risks 
 
Health risk 
perception (%) 
Economic risk 
perception (%) 
Social discrimination risk 
perception (%) 
Strongly 
Agree 
54 25 16 
Agree 37 41 30 
Neutral 4 15 24 
Disagree 4 16 24 
Strongly 
Disagree 
0 1 5 
N 340 340 340 
 
We investigated which response categories (agree, neutral, and disagree) for 
the health risk perception, economic risk perception, and social discrimination risk 
perception, had the greatest inter-village differences. The respondents of Rampur 
Diara village were more slightly more likely (93%) to adopt arsenic-mitigation under 
perceived health risk than the respondents of Suarmarwa (90%) and Bhawani Tola 
(89%) villages (Table 5.3). 
0% 20% 40% 60% 80% 100%
Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
Perceived Risks to Groundwater Arsenic
Risk to health Economic risk Risk of social discrimination or isolation
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Table 5.3: Decision-making to adopt arsenic-mitigation under perceived health risks 
by villages 
  
Village (%) 
Suarmarwa Rampur Diara Bhawani Tola 
Would you agree to adopt 
arsenic-mitigation 
technology, if you perceive 
health risk to arsenic 
contamination 
Disagree 9 1 4 
Neutral 1 6 7 
Agree 90 93 89 
                                        N 111  119 110 
Chi-square value=14.335, df=4, significance (2-sided) = 0.006 
The percentage differences were small, but statistically significant (p=0.006), 
and there was a curvilinear association between the villages and the decision-making 
to adopt arsenic-mitigation under perceived health risk. Table 5.4 presents a crosstabs 
analysis between respondents’ decision to adopt arsenic-mitigation technologies under 
perceived economic risk and the surveyed villages. The residents of Rampur Diara 
village were more likely (72%) to adopt arsenic-mitigation technologies under 
perceived economic risk than the respondents of Suarmarwa (68%) and Bhawani Tola 
(59%) villages (Table 5.4).  
 
Table 5.4: Decision-making to adopt arsenic-mitigation under perceived economic 
risks by villages 
  
Village (%) 
Suarmarwa Rampur Diara Bhawani Tola 
Would you agree to adopt 
arsenic-mitigation 
technology, if you perceive 
economic risk to arsenic 
contamination 
Disagree 26 17 10 
Neutral 6 11 31 
Agree 68 72 59 
                                        N 111  119 110 
Chi-square value= 33.628, df= 4, significance (2-sided)= <0.001 
The association between the two variables was similar to the association between 
health risk perception and the surveyed villages. The crosstabs analysis between 
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respondents’ decision to adopt arsenic-mitigation technologies under perceived social 
discrimination risk and the surveyed villages revealed that the individuals of 
Suarmarwa village (53%) and Rampur Diara (49%) were more likely to perceive 
social discrimination risk than Bhawani Tola (37%) (Table 5.5). 
 
Table 5.5: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risk by villages 
  
Village (%) 
Suarmarwa Rampur Diara Bhawani Tola 
Would you agree to adopt 
arsenic-mitigation 
technology, if you perceive 
social discrimination risk to 
arsenic contamination 
Disagree 34 31 20 
Neutral 13 20 43 
Agree 53 49 37 
                                        N 111  119 110 
Chi-square value= 29.298, df= 4, significance (2-sided) <0.001 
 
The health risk (p=0.006), economic risk (p<0.001), and social discrimination risk 
(p<0.001) perceived by the respondents, were different across the surveyed villages, 
and could be generalized to the population living in other arsenic-contaminated areas 
in the MGP (Table 5.3 to 5.5).  
High perceived health and economic risks in Rampur Diara village could be 
linked to the arsenic awareness among the surveyed communities. This village has 
been more widely investigated for groundwater, soil, and food contamination by 
arsenic than the other two villages (Singh 2011, Singh and Ghosh 2011, Singh and 
Ghosh 2012). Moreover, several arsenic-mitigation programs and projects have been 
executed in Rampur Diara that might have raised arsenic awareness among the 
communities (Hadi 2003). Therefore, the greater perceived health risk to arsenic-
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contamination, and potential economic burden as a consequence of health problems in 
Rampur Diara village could be linked to arsenic awareness. 
To confirm this, we performed a crosstabs analysis between arsenic awareness 
and the three surveyed villages (Appendix II.VI). We found that Rampur Diara village 
was more likely to be aware about arsenic and associated issues (high 
awareness=53.3%) than Suarmarwa (high awareness=26.7%) and Bhawani Tola (high 
awareness=20.0%). Furthermore, we attempted to find a logical reason for a higher 
perceived social discrimination risk in Suarmarwa and Rampur Diara than Bhawani 
Tola. Based on the crosstabs analysis, we found that Suarmarwa village had only two 
caste groups, dominated by the Backward Caste (76.6%) and the Scheduled Caste 
(23.4%). However, in Rampur Diara the Forward Caste (62.2%) was more prevalent 
than the Backward Caste (18.5%) and the Scheduled Caste (19.3%). This unequal 
caste distribution might be responsible for greater social discrimination risk 
perception in these two villages. In Bhawani Tola, the castes were more evenly 
distributed (Forward Caste=42.7%; Backward Caste=37.3%; and Scheduled 
Caste=20.0%). A possible explanation for the observed difference in perceived social 
discrimination risk may relate to greater dominance of upper caste or backward caste 
over lower caste groups in Suarmarwa and Rampur Diara, which makes social 
discrimination an ever-present risk and the residents more sensitized to it (Hoff and 
Pandey 2006). 
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5.3.3. Factors influencing likelihood of adoption of arsenic-mitigation technologies 
under perceived risks 
5.3.3.1. Factors influencing likelihood of adoption of arsenic-mitigation 
technologies under perceived health risk   
The correlation coefficients and associated statistical significance levels are 
presented in table 5.6. Variables such as caste, education level, agricultural 
landholdings, housing status, presence and functionality of Anganwadi, and social 
capital (people who participate in panchayat activities), were found to have a 
contributing effect on communities’ perceived health risk. Moreover, people’s 
perceived economic risk was found to be strongly positively correlated with the 
respondents’ health risk perception. In sum, educated higher caste communities who 
own land, live in better housing structures, and had trust in Anganwadi in the area, 
tend to perceive more health risk. Therefore, under perceived health risk, communities 
that possess the above mentioned characteristics will adopt arsenic-mitigation 
technology in the arsenic-contaminated areas (Table 5.6). 
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Table 5.6: Predictors of risk perceptions to health risk, economic risk, and social 
discrimination risk 
  
Health risk 
perception 
Economic 
risk 
perception 
Social 
discrimination risk 
perception 
Caste   .174** .242** -.062 
Education level  .111* .184** .102 
Agricultural landholdings .156** .047 -.127* 
Housing status   .112* .124* .036 
Time spent for water collection .059 .093 -.171** 
Distance from water source .057 .065 -.120* 
Place for defecation .077 .170** .082 
Materials used to wash  hands after 
defecation 
.062 .162** .082 
Lack of Land .081 .184** .017 
Lack of School   .047 .265** .072 
Lack of Health Facilities   -.099 -.295** -.093 
Flood   -.035 -.122* -.016 
Water Accessibility   .046 -.158** .071 
Water Quality   -.059 -.228** .000 
Poverty   .032 .325** -.018 
Arsenic awareness .032 .234** .110* 
Opinion about the presence and 
functionality of Anganwadi 
.139* -.158** -.058 
Opinion about the presence and 
functionality of Mahila Samakhya 
-.076 -.042 -.197** 
Opinion about the presence and 
functionality of Self Help Groups 
.026 .057 -.226** 
Trust in NGOs .106 .161** .232** 
Trust in Panchayat Raj Institutions .039 .141** .251** 
Trust in Private agencies -.018 .169** .077 
Participation in Panchayat activities .107* .046 .008 
Neighbors and others seek advice and 
value views 
.091 .397** .191** 
Health risk perception 1.000 .268** .068 
Economic risk perception .268** 1.000 .233** 
Social discrimination risk perception .068 .233** 1.000 
**. Correlation is significant at the 0.01 level (2-tailed).   
*. Correlation is significant at the 0.05 level (2-tailed). 
 
The results of bivariate analyses showed that there was a very strong positive 
correlation between respondents’ perceived health risk, social discrimination risk, and 
179 
 
 
 
their perceived economic risk. It further shows that the communities that had high 
perceived health risk and social discrimination risk were likely to perceive more 
economic risk. Likewise, a strong positive correlation was derived between caste, 
education level, housing status, sanitation behavior (place for defecation and material 
used to wash hands after defecation), people’s prioritization of social problems (lack 
of land, lack of school, and poverty), arsenic awareness, trust in agencies (NGOs, 
Panchayati Raj Institutions, private agencies), and individual social capital, as 
neighbors and others sought and valued their advice, with the residents’ perceived 
economic risk. However, a strong negative correlation was observed between people’s 
prioritization of socio-environmental problems (lack of health facilities, 
flood/drought, water accessibility, and water quality), and presence and functionality 
of institutions (Anganwadi), with the respondents’ perceived economic risk. In sum, 
socio-demographic factors (caste, education, and housing status), sanitation practice, 
people’s prioritization of socio-environmental problems, arsenic awareness, presence 
and functionality of institution (Anganwadi), trust in agencies, and social capital, were 
found to be strong predictors of the perceived economic risk of the communities 
(Table 5.6). 
In comparison to the other two perceived risks (economic and health risks), we 
found fewer predictors for perceived risk of social discrimination. None of the 
socioeconomic and demographic factors, except agricultural landholdings, was found 
to be a statistically significant predictor of the communities’ social risk perception. 
People with larger agricultural landholdings, who spent more time collecting water 
(and traveled a distance of >50 meters), and the communities that had higher trust in 
Mahila Samakhya and Self Help Groups were strongly negatively correlated with 
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their social discrimination risk perception. In contrast, those who were aware of 
arsenic contamination, who had trust in NGOs and Panchayati Raj Institutions, and 
the respondents with higher social capital were found to be strongly positively 
correlated with their perceived social discrimination risk. Furthermore, communities’ 
social discrimination risk perception was found to be strongly positively correlated 
with their perceived economic risk (Table 5.6). 
5.3.4. Novel findings 
5.3.4.1. Caste and risk perceptions 
There was a positive liner relationship between decision-making to adopt 
arsenic mitigation under perceived health risk and caste. The respondents who belong 
to the upper caste are more likely than those who belong to lower caste to perceive 
health risk, and therefore are willing to adopt arsenic-mitigation technologies (Table 
5.7). The agreement to adopt arsenic-mitigation under perceived health risk was 
different across the respondents of the three caste groups (p=0.018), and could be 
generalized to the population living in other arsenic-contaminated areas in the MGP.  
 
Table 5.7: Decision-making to adopt arsenic-mitigation under perceived health risks 
by caste  
  
Caste (%) 
Scheduled 
caste 
Backward 
caste 
Forward 
caste 
Would you agree to adopt 
arsenic-mitigation 
technology if you perceive 
health risk to arsenic 
contamination 
Disagree 7 6 1 
Neutral 10 4 2 
Agree 83 90 97 
                                        N 71  148 121 
Chi-square value= 11.929, df= 4, significance= 0.018 
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There was a positive relationship between decision-making to adopt arsenic-
mitigation under perceived economic risk and caste. The respondents who belong to 
the upper caste are more likely than those who belong to lower caste to perceive 
economic risk to arsenic contamination, and are willing to adopt arsenic-mitigation 
technologies (Table 5.8). The agreement to adopt arsenic-mitigation was different 
across the respondents of the three caste groups (p<0.001), and could be generalized 
to the population living in other arsenic-contaminated areas in the MGP. The 
likelihood to adopt arsenic-mitigation under perceived economic risk among forward 
caste respondents was about 1.75 times greater and among backward caste 
respondents about 1.5 times higher than the scheduled caste respondents (Table 5.8). 
 
Table 5.8: Decision-making to adopt arsenic-mitigation under perceived economic 
risks by caste 
  
Caste (%) 
Scheduled 
caste 
Backward 
caste 
Forward 
caste 
Would you agree to adopt 
arsenic-mitigation 
technology if you perceive 
economic risk to arsenic 
contamination 
Disagree 31 18 10 
Neutral 25 14 13 
Agree 44 69 77 
                                        N 71  148 121 
Chi-square value= 23.981, df= 4, significance= <0.001 
Ethnicity and race have been studied to derive risk perception under multi-
hazard environments and floods. Since ethnicity and race both represent a social 
hierarchy, the association of castes with risk perceptions in our study could be 
explained in analogous terms with the ethnicity and race of the respondents (Lindell 
and Hwang 2008, Petrolia, Landry et al. 2013). 
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5.3.4.2. Agricultural landholdings and risk perception 
There was a positive relationship between decision-making to adopt arsenic-
mitigation under perceived health risk and agricultural landholdings (Table 5.9). The 
respondents who own land are more likely than those who do not to adopt arsenic-
mitigation technology under perceived health risk. The agreement to adopt arsenic-
mitigation was different across the respondents who do and do not have landholdings 
(p=0.014) and could be generalized to the population living in other arsenic-
contaminated areas in the MGP (Table 5.9).  
 
Table 5.9: Decision-making to adopt arsenic-mitigation under perceived health risks 
by agricultural landholdings 
 
Agricultural landholdings (%) 
No landholdings Landholdings 
Would you agree to adopt arsenic-
mitigation technology, if you 
perceive health risks to arsenic 
contamination 
Disagree 7 1 
Neutral 6 3 
Agree 87 96 
                                        N 167  142 
Chi-square value= 8.538, df= 2, significance= <0.014 
 
There was a negative relationship between decision-making to adopt arsenic-
mitigation under perceived social discrimination risk and agricultural landholdings. 
The respondents who own land are less likely than those who do not to perceive social 
discrimination risk, and therefore less likely to adopt arsenic-mitigation technologies 
(Table 5.10). The agreement to adopt arsenic-mitigation under perceived social 
discrimination risk was different across the respondents who do or do not have 
landholdings (p=0.035) and could be generalized to the population living in other 
arsenic-contaminated areas in the MGP (Table 5.10).  
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Table 5.10: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by agricultural landholdings 
 
Agricultural landholdings (%) 
No landholdings Landholdings 
Would you agree to adopt arsenic-
mitigation technology if you perceive 
social discrimination risks to arsenic 
contamination 
Disagree 25 32 
Neutral 22 29 
Agree 53 39 
                                                                   N 192  148 
Chi-square value=6.693, df=2,  significance= 0.035 
 
5.3.4.3. Water and sanitation behavior and risk perception 
The respondents who spent more than 10 minutes collecting water are less 
likely to perceive social discrimination risk than those who spend more time 
collecting water. Those who spend less than 10 minutes collecting water are less 
likely adopting arsenic-mitigation technology (Table 5.11). Respondents who collect 
water from outside hand pumps, requires traveling (approximately 50 m far), have 
more opportunity to interact with other community members. This is a common 
practice that builds social capital. Consequently, these respondents feel less 
vulnerable. The agreement to adopt arsenic mitigation was different across the water 
collection time groups (p=0.005), and could be generalized to the population living in 
other arsenic-contaminated areas in the MGP (Table 5.11).  
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Table 5.11: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by time spent for water collection 
 
Time spent for water 
collection (per day in %) 
≤10 minutes >10 minutes 
Would you agree to adopt arsenic-
mitigation technology if you perceive 
social discrimination risks to arsenic 
contamination 
Disagree 26 49 
Neutral 25 23 
Agree 49 28 
                                                                   N 296  43 
Chi-square value= 10.706, df= 2, significance= 0.005 
The respondents who practice good sanitation habits (i.e., use a toilet for 
defecation and use soap or ash for hand washing) are more likely to perceive 
economic risk and more likely to adopt arsenic mitigation technologies than those 
who prefer to defecate in open fields and use soil for hand washing (Table 5.12). The 
agreement to adopt arsenic-mitigation was different across the respondents’ sanitation 
habits (*p=0.002 and #p=0.012), and could be generalized to the population living in 
other arsenic-contaminated areas in the MGP (Table 5.12).  
 
Table 5.12: Decision-making to adopt arsenic-mitigation under perceived economic 
risks by sanitation habits 
 
*Sanitation (place 
for defecation) (%) 
#Material used 
to hand 
washing after 
defecation (%) 
Open 
field 
Toilet 
Soil Soap-Ash 
Would you agree to adopt arsenic-
mitigation technology, if you 
perceive economic risks to arsenic 
contamination 
Disagree 21 3 19 5 
Neutral 16 16 17 9 
Agree 63 81 64 86 
                                                                  N 276  64 297 43 
* Chi-square value= 12.016, df= 2, significance= 0.002 # Chi-square value= 8.891, df= 2, 
significance= 0.012 
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5.3.4.4. Arsenic awareness and risk perceptions 
There was a positive relationship between decision-making to adopt arsenic-
mitigation under perceived economic risk and arsenic awareness (Table 5.13). The 
respondents who had high arsenic awareness are more likely to perceive economic 
risk and more likely to adopt arsenic-mitigation technologies than those who had no 
arsenic awareness. The agreement to adopt arsenic-mitigation was different across the 
arsenic awareness levels (p<0.001), and could be generalized to the population living 
in other arsenic-contaminated areas in the MGP (Table 5.13). The likelihood to adopt 
arsenic-mitigation under perceived economic risk was approximately 1.6 times greater 
among those who had greater arsenic awareness than the respondents with no arsenic 
awareness. 
 
Table 5.13: Decision-making to adopt arsenic-mitigation under perceived economic 
risks by arsenic awareness 
  
Arsenic awareness (%) 
No 
awareness 
Low 
awareness 
High 
awareness 
Would you agree to adopt 
arsenic mitigation 
technology, if you perceive 
economic risk to arsenic 
contamination 
Disagree 24 15 0 
Neutral 25 10 20 
Agree 51 75 80 
                                        N 123  202 15 
Chi-square value= 23.107, df= 4, significance= <0.001 
5.3.4.5. Social capital and risk perceptions 
The respondents who reported that there was no Mahila Samakhya in the 
villages perceive greater social discrimination than respondents with a neutral or 
neutral view of Mahila Samakhya, and were more likely to adopt arsenic-mitigation 
technologies (Table 5.14).   
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Table 5.14: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by view of Mahila Samakhya 
 
Opinion about the presence and 
functionality of Mahila Samakhya (%) 
Not 
available 
Disagree 
Neutral Agree 
Would you agree to adopt 
arsenic-mitigation technology 
if you perceive social 
discrimination risks to arsenic 
contamination 
Disagree 16 39 24 47 
Neutral 30 17 33 18 
Agree 54 44 43 35 
                                                               N 145 98 42 55 
Chi-square value= 28.620, df= 6, significance= <0.001 
The respondents who had no view on the presence and functionality of self-
help group, and those who put a high score on the unavailability of self-help group in 
the village, perceived higher social discrimination risk. These respondents showed 
greater agreement to adopt arsenic-mitigation technology under perceived social 
discrimination risk than those who had clear view (agreed and disagreed) on the 
presence and functionality (Table 5.15).
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Table 5.15: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by opinion about the presence and functionality of self-help 
group  
 
Opinion about the presence and 
functionality of self-help group (%) 
Not 
available 
Disagree 
Neutral Agree 
Would you agree to adopt-
arsenic mitigation technology 
if you perceive social 
discrimination risks to arsenic 
contamination 
Disagree 13 45 8 51 
Neutral 32 17 33 15 
Agree 54 39 58 34 
N 159 99 24 61 
Chi-square value= 51.622, df= 6, significance= <0.001 
The respondents who had trust in NGOs and those had no view on this issue perceive 
higher social discrimination risk and are more likely to adopt arsenic-mitigation 
technologies than those who had no trust in NGOs (Table 3.16).  
 
Table 5.16: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by trust in NGO 
  
Trust in non-governmental 
organization (%) 
Disagree Neutral Agree 
Would you agree to adopt arsenic-
mitigation technology if you perceive 
social discrimination risk to arsenic 
contamination 
Disagree 40 16 17 
Neutral 24 25 28 
Agree 36 59 55 
                                        N 170  61 104 
Chi-square value= 23.676, df= 4, significance= <0.001 
The respondents who had trust in PRIs, perceive greater social discrimination 
risk, therefore, they are more likely to adopt arsenic mitigation technologies than 
those who had no trust or had no view in PRIs (Table 5.17).  
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Table 5.17: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by trust in PRIs 
  
Trust in Panchayati Raj 
Institutions (%) 
Disagree Neutral Agree 
Would you agree to adopt arsenic-
mitigation technology if you perceive 
social discrimination risk to arsenic 
contamination 
Disagree 54 56 22 
Neutral 18 17 27 
Agree 28 28 51 
                                                                 N 50  18 272 
Chi-square value= 28.098, df= 4, significance= <0.001 
The respondents who perceived that their neighbors and others sought their 
advice and value their views are more likely to adopt arsenic mitigation technology 
under perceived social discrimination risk than those with the opposite or neutral 
perception on this matter (Table 5.18).  
 
Table 5.18: Decision-making to adopt arsenic-mitigation under perceived social 
discrimination risks by social capital 
  
Do your neighbor and others seek 
your advice and value your views 
(%) 
Disagree Neutral Agree 
Would you agree to adopt arsenic-
mitigation technology if you 
perceive social discrimination risk 
to arsenic contamination 
Disagree 46 27 21 
Neutral 20 24 27 
Agree 33 49 50 
                                                      N 84  33 222 
Chi-square value= 17.886, df=4, significance= 0.001 
The role of trust in institutions and social capital are not always predictors of 
risk perception. Our findings about the institutional trust and social trust as the 
strongest predictors of risk perceptions are in agreement with prior research (Vaske, 
Bright et al. 2008, de França Doria, Pidgeon et al. 2009, Doria, Pidgeon et al. 2009, 
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Dobbie and Brown 2013, Dobbie and Brown 2014). In contrast, Carlton and Jacobson 
(2013) have recently reported that social trust had no influence on risk perceptions. 
We are in agreement with the authors’ recommendation that the inconsistent results 
are because of the system studied. Additionally, another probable explanation could 
be that the indicators or the variables used to define risk perception were not of 
similar nature, and the studied areas and contexts were also heterogeneous. 
5.4. Conclusions and Policy Implications 
This study provides insights into communities’ decision-making to adopt 
arsenic-mitigation technologies under their perceived risks to health, income, and 
social discrimination to groundwater arsenic-contamination. The findings are 
potentially advantageous to policy makers, as these help identify the mechanisms of 
decision-making to adopt better environmental services for the communities’ 
wellbeing. Risk perception in general, but health, economic and social discrimination 
risk perceptions in particular, cause individuals to take precautionary measures and 
support policies aimed at arsenic-mitigation (Botzen, Aerts et al. 2009).  A “one-size-
fits-all” approach to promoting arsenic-mitigation is unlikely to succeed owing to the 
heterogeneous nature of the communities affected.  As is evident from this paper, 
different castes and economic classes, constituting the affected communities, have 
differing perceptions of health, economic and social risk, because of their varied 
perceptions and priorities.  Upper caste communities should be targeted for immediate 
arsenic-mitigation, as they are more likely to adopt. This might also help to enhance 
technology adoption among lower castes due to the fact that the latter seek to emulate 
the former in many situations.  However, it appears that, unfortunately, health 
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concerns take a backseat to pressing issues of economic survival for lower-caste and 
impoverished households. 
In the short-term, education and awareness campaigns aimed at arsenic 
contamination and, specifically, its adverse impacts on livelihoods should be 
implemented among the lower caste communities, including backward and scheduled 
caste. Communities with minimal trust in the institutions and low social capital, both 
owing perhaps to their social marginalization, were most concerned with economic 
risks and social discrimination risks. However, underprivileged communities for 
whom social problems were the highest priority had low or no arsenic awareness. 
Therefore, to raise arsenic awareness in these communities, campaigns should focus, 
in the medium to long term, on strengthening institutions and enhancing social capital 
activities. Most importantly, these institutions should be involved in village level 
arsenic mitigation-programs. 
That groundwater arsenic may not be a priority among poor communities 
should not be seen as a discouraging finding. On the contrary it should be seen as an 
affirmation of the fact that environmental and health perceptions are related to socio-
economic problems like lack of jobs, lack of land, lack of schools, or lack of health 
facilities. Understanding these linkages could be very useful for understanding how 
people perceive risks, what the predictors are, and how decisions are made for 
ultimately delivering better social or environmental services.  
The identified predictors of the three risk perceptions to groundwater arsenic-
contamination will help us model the risk perceptions to arsenic-contamination. Due 
to the limitation of the scope of the paper we have only presented the significant 
predictors of the three kinds of risk perceptions studied. An appropriate logistic 
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regression model would be applied to model the perceived risks to health, income 
(economy), and social discrimination. The results of this study suggest that severity of 
groundwater, soil, or food arsenic contamination, while important, should not be the 
only control on mitigation policies. People’s risk perception plays a vital role in the 
adoption of arsenic-mitigation interventions. Caste, broad measures of economic well-
being and markers of social status within the community are important drivers of the 
different risk perceptions.  However, it appears that social marginality, which is 
relative social position (as determined by the compounding effect of education, 
landholding, arsenic awareness, among other factors), is a crucial factor, perhaps 
more so than absolute measures of income and education. Therefore, socioeconomic 
and demographic factors, awareness, institutional trust, social trust, and social capital, 
etc., should necessarily be evaluated before implementing any arsenic-mitigation 
policy. This approach would help increase adoption of arsenic-mitigation 
interventions and achieve their sustainable use. 
We have also captured the geographical coordinates of each surveyed 
household. Households’ level of risk perceptions could be mapped, which will help 
identify the target communities that are ready to adopt arsenic-mitigation technology. 
Since awareness was found to be a contributing factor to both higher health risk 
perception and economic risk perception at village level, arsenic awareness 
campaigns with emphasis on the health risks and potential economic risks should be 
given priority. Arsenic-mitigation programs should be promoted among the 
communities that perceive higher social discrimination risk, highlighting the potential 
social discrimination because of risk of arsenicosis. 
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CHAPTER-VI 
Assessing and mapping composite vulnerability to groundwater arsenic contamination 
 
This chapter contains Montclair State University dissertation research that is 
published in the journal Natural Hazards:  
Singh, S.K. and Vedwan, 2015. Mapping composite vulnerability to groundwater 
arsenic contamination: An analytical framework and a case study in India. Natural 
Hazards, 75, 1883-1908. 
The article has been edited and revised for this thesis. 
 
Abstract 
Groundwater arsenic contamination affects millions of people in South Asia.  
In this paper, we propose a composite vulnerability framework to identify, for 
mitigation, the populations that are at the highest risk of suffering adverse impacts 
from exposure to arsenic. The Indian state of Bihar, which was selected for the case 
study, has large areas with arsenic-concentrations far exceeding the upper limits of 
acceptable level of arsenic in drinking water. Drawing on existing social science 
research, we identify a host of socioeconomic and demographic variables, in addition 
to arsenic-concentration in groundwater, which compound a community’s 
vulnerability to the adverse effects of arsenic.  The result is a “Composite 
Vulnerability Index,” which consists of biophysical, socioeconomic, and demographic 
factors that collectively determine a community’s overall vulnerability to arsenic. 
Additionally, using Geographic Information Systems (GIS), we represent the 
composite vulnerability index visually through a set of maps, which highlight the 
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interaction between different community characteristics to generate unique 
community vulnerability profiles.  In summary, this paper outlines a systematic 
approach to understanding vulnerability to groundwater arsenic, as both, a social and 
natural construct, which can be applied to different geographic areas, and to 
improving decision–making and planning pertaining to diverse environmental 
problems.   
 
Keywords: Vulnerability, Arsenic, Socioeconomic-demographic, biophysical 
environment, Policy, Decision-making 
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6. Introduction   
6.1. Arsenic contamination: A Naturally Occurring Hazard 
Groundwater arsenic contamination is a global phenomenon affecting more 
than 70 countries on six continents (Ravenscroft, Brammer et al. 2009). As a densely 
populated region, the Ganga Meghna Brahmaputra (GMB) plain intensively exploits 
groundwater resources, experiencing a myriad of environmental impacts associated 
with local, regional, and global issues.  The vulnerability of GMB is enhanced due to 
threats from natural processes, and socioeconomic and demographic forces (Huang et 
al., 2012). The GMB plain in India and Bangladesh contains the highest arsenic-
contaminated contiguous area in South Asia (SA) affecting about 500 million 
people’s lives, and encompasses an area of 569,749km2  (Hossain, Mukharjee et al. 
2006). The groundwater arsenic-contamination in India was first noticed in 1976 in 
the Chandigarh district, about eight decades after the first case of arsenic poisoning in 
Poland (1898) (Mandal and Suzuki 2002). Later in 1982, India received a wake-up 
call because of another case of arsenic poisoning in North-24 Pargana district of the 
state of West Bengal (WB) (Chakraborti, Mukherjee et al. 2003). The groundwater’s 
arsenic-contamination and its health impact on human beings has been extensively 
studied in WB (Chowdhury, Biswas et al. 2000, Mazumder, Ghosh et al. 2010, Guha 
Mazumder and Dasgupta 2011, Rahman, Mondal et al. 2013). A total of 111 
community blocks (out of 341) have been reported as arsenic-affected blocks in 12 
As-affected districts (out of 19) (SOES 2006). About two decades after the WB case, 
very high concentrations of arsenic were detected in the groundwater in Bihar 
(Chakraborti, Mukherjee et al. 2003). Later, the groundwater arsenic-contamination 
was revealed in other geographical locations in India including Uttar Pradesh, 
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Jharkhand, Assam, Tripura Arunachal Pradesh, Nagaland, Manipur, Punjab, Haryana, 
Himachal Pradesh, Chhattisgarh, Hyderabad, and Andhra Pradesh (Datta and Kaul 
1976, Mukherjee, Sengupta et al. 2006, Nickson, Sengupta et al. 2007).  Arsenic is a 
group ‘A’ carcinogen (EPA, 1998) and the ill effects of exposure to it cause serious 
health problems among the affected groups, which can lead to their economic and 
social marginalization. Reducing the risk from hazards of natural origin (arsenic in 
this case) is a major challenge concerning global environment change (Birkmann, 
Cardona et al. 2013). Groundwater arsenic-contamination is most appropriately 
considered a chronic hazard because of its long-term, cumulative harmful effects. A 
chronic hazard presents unique challenges in terms of the public perception, which 
may engender, and influence subsequent policy responses. 
6.2. Vulnerability: Perspectives, Indexes, and Models 
“Vulnerability assessment of natural hazards and climate change has emerged 
in the past decades as an important research field…bringing together scientists from 
different disciplines” (Birkmann, Cardona et al. 2013 and references therein). In the 
absence of a universal definition for vulnerability and common conceptualization, 
formulations of vulnerability have proliferated (Birkmann, Cardona et al. 2013). “The 
natural science research communities often focus on the quantification of different 
factors” contributing to vulnerability, often to the exclusion of socioeconomic factors 
(Birkmann, Cardona et al. 2013). These approaches highlight physical vulnerability, 
and often attempt to “…quantify damage ranges.  These are illustrated using 
vulnerability curves which help determine acceptable levels of potential losses” 
(birkmann, Cardona et al. 2013 and references therein). In contrast, “social science 
approaches often encompass a broad focus and examine, in particular” (Birkmann, 
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Cardona et al. 2013), the impact of exposure to environmental hazards on individual 
households or a community, “as well as the contextual conditions that influence social 
vulnerability” (Wisner 2004, cited in Birkmann, Cardona et al., 2013). According to 
Phillips and Fordham (2009), “social vulnerability to natural hazards is driven by 
social inequality and is deeply embedded in social structures that are often resistant to 
change” (as quoted in Birkmann, Cardona et al., 2013). “Many assessment approaches 
characterize vulnerability according to the degree of susceptibility or fragility of 
communities, systems, or elements at risk and their capacity to cope under adverse 
conditions” (Birkmann, Cardona et al. 2013). In recent years, “different frameworks 
have been developed to better systematize different facets of vulnerability, most often 
in relation to climate change adaptation and disaster risk management” (Birkmann, 
Cardona et al. 2013). However, “developing a universal metric or measurement tool 
for vulnerability assessments across all disciplines is challenging” because of the 
definitional elusiveness and heterogeneous “nature and scale of analysis” (temporal 
and spatial) (Cutter, Emrich et al. 2009). The vulnerability indexes or indicators are 
quantifiable measures envisioned to represent a “characteristic or a parameter of a 
system of interest …using a single value (Cutter et al., 2008; 2009), and have been 
applied in different contexts using different variables (Cutter, Barnes et al. 2008). 
Among all the variables used to derive vulnerability indicators, “socioeconomic status 
(wealth or poverty), age, special needs population, gender, race, and ethnicity,” 
(Cutter, Emrich et al. 2009) have been studied most extensively as social factors that 
increase or decrease the impact of specific natural hazard events on a local population 
(Tierney 2001, Tierney, Lindell et al. 2001, Center 2002, Bates and Swan 2007, 
Cutter, Emrich et al. 2009). It has been reported that “selecting a single variable (e.g. 
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race, gender, or poverty) does not adequately capture” the characteristics of the 
communities described (Cutter, Emrich et al. 2009). In most cases, it is a combination 
of several socioeconomic attributes and circumstances, which defines social burdens 
from natural hazards (Cutter, Emrich et al. 2009).  
The choice of methodology to derive vulnerability indicators and appropriate 
weighting for each individual variable has been the most important constraint in 
vulnerability studies. Because of the absence of “reliable theoretical and/or statistical 
evidence needed to assign weights, all indicators are usually assigned” equal weight, 
thereby according them the same relative importance (Cutter, Emrich et al. 2009). 
However, indicators can also be weighted according to the percent variance explained 
by each factor (Cox, Rosenzweig et al. 2006). Furthermore, vulnerability maps can be 
invaluable for adapting and planning mitigation frameworks in highly vulnerable 
areas. For the current study, we define vulnerability as the risk of experiencing 
economic loss, health problems, social isolation or social discrimination, loss of 
opportunities or decline in socioeconomic status during the period of exposure to 
specific or multiple socioeconomic or environmental problems. No previous studies 
have been reported that have applied the vulnerability framework to arsenic-
contamination. This study is the first of its kind to propose a conceptual composite 
vulnerability framework and derive composite vulnerability indexes for arsenic-
contamination. 
6.3. Framework and Methodology  
6.3.1. Composite vulnerability framework 
Deriving and mapping composite vulnerability (CV) to arsenic-contamination 
is a key step in quantifying total vulnerability due to existing biophysical and 
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socioeconomic conditions in arsenic-contaminated areas. The CV map has the 
potential to predict highly vulnerable areas where arsenic-mitigation is an urgent 
necessity, type(s) of arsenic-mitigation technology(s) required, feasibility, 
sustainability for the specific vulnerable area(s), and the area(s) where the likelihood 
of success of an arsenic-mitigation program is greatest. The components of CV 
framework are based on the concept that “vulnerability is a function of exposure, 
sensitivity, and adaptive capacity” (McCarthy, Canziani et al. 2001) (Figure 6.1).  
The definitions of these three elements of vulnerability assessment have been 
adapted for our work. Exposure can be defined as “the degree of environmental stress 
upon a particular unit of analysis; it may be represented as either long-term change in 
environmental conditions or changes in the magnitude and frequency of extreme 
events” (McCarthy, Canziani et al. 2001). Sensitivity is “the degree to which a system 
will respond to a change in the environment, either positively or negatively” 
(McCarthy, Canziani et al. 2001). Adaptive capacity is the “ability of a system to 
adjust to actual or expected” environmental stresses (O’Brien, Leichenko et al. 2004), 
“or to cope with the consequences” (McCarthy, Canziani et al. 2001). Adaptive 
capacity is also considered ‘‘a function of wealth, technology, education, information, 
skills, infrastructure, access to resources, and stability and management capabilities” 
(McCarthy, Canziani et al. 2001). Although, theoretically, technology plays a vital 
role in enhancing societal adaptive capacity, we have omitted technology as a variable 
from our study because groundwater arsenic-contamination mainly affects rural areas 
in SA, where technological development has been minimal (Das 1999, Singh and Jha 
2012). 
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Figure 6.1: Conceptual model of composite vulnerability framework (adapted from 
Turner et al. 2003) 
 
6.3.2. Quantifying vulnerability indexes 
The method to derive vulnerability indices was modified and simplified for 
this study. The core of the methodology is the method used to derive vulnerability 
indices in the guidelines of the United Nations Environment Program’s Assessing 
Human Vulnerability to Environmental Change (2003). Data were treated as per the 
UNEP guidelines (UNEP 2003). The variables used to derive vulnerability indexes 
are listed in Table 6.1. The raw data were normalized using lognormal option in the 
MS-Excel 2010 environment. The minimum and the maximum values of the 
normalized data were used to derive vulnerability indices. 
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Table 6.1: Indicator variables for vulnerability calculation 
Exposure Sensitivity Adaptive Capacity 
Arsenic 
contamination 
Fluoride 
contamination 
Nitrate 
contamination 
Iron contamination 
Flood incidence 
Drought incidence 
Rural Population (RP) 
Population below the poverty line 
(BPL) 
Scheduled Caste Population (SC) 
Scheduled Tribe Population (ST) 
Population growth rate (PGR) 
Population density (PD) 
Infant mortality rates (IMR) 
Kala-azar prevalence* 
TB incidence  
HIV prevalence 
Geological formation 
Lithology 
Physiography 
Total literacy rate 
Female literacy rate  
*”Kala-azar is popularly known as Visceral leishmaniasis. It is characterized by irregular 
bouts of fever, substantial weight loss, swelling of the spleen and liver, and anaemia (which 
may be serious).”(Source: http://www.who.int/leishmaniasis/visceral_leishmaniasis/en/) 
  
The steps involved in quantifying vulnerability indexes are: deriving 
vulnerability interval value (VIV) and vulnerability indices (VI). The VIV is derived 
by using Eq. (6.1). 
 
Equation 6.1: Vulnerability Interval Value (VIV) 
𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑉𝑎𝑙𝑢𝑒(𝑉𝐼𝑉) =
𝑉𝑉𝑚𝑎𝑥−𝑉𝑉𝑚𝑖𝑛
𝑉𝐼𝑚𝑎𝑥
                                       
 
where VVmax is the maximum value of vulnerability variable, VVmin is the minimum 
value of vulnerability variable, and VImax is the maximum value of vulnerability index 
at “5-levels” of vulnerability scale. After deriving the VIV, the VIs can be calculated 
based on Eq. (6.2) 
 
Equation 6.2: Vulnerability Index (VI) 
𝑉𝐼𝑛𝑑𝑒𝑥 = 𝑉𝑉𝑚𝑖𝑛 + 𝑉𝐼𝑉         
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where VVmin is the minimum value of vulnerability variables and VIV is the 
Vulnerability Interval Value derived from the Eq. (6.1). 
Following these steps, five vulnerability indexes were derived and at every 
consecutive step VVmin was replaced with VI value of the previous step. Finally, five 
levels of vulnerability indexes were derived and given appropriate weightage 
(weighted equally) and each arsenic-affected district was assigned an appropriate VI 
values (Table 6.2).   
 
Table 6.2: Vulnerability indices and associated vulnerability category 
Vulnerability  
Indexes 
Vulnerability 
VI-1 Resilient 
VI-2 At risk 
VI-3 Less vulnerable 
VI-4 Moderately vulnerable 
VI-5 Highly vulnerable 
 
The VI values for arsenic-contaminated areas were derived based on the 
arsenic-concentration profile of the area. The VI values from 1 to 5 were assigned 
based on arsenic-concentration in the drinking water between 0-10µg/L, 11-50µg/L, 
51-100µg/L, 101-200µg/L, and arsenic levels more than 200µg/L, respectively. In the 
absence of fluoride, nitrate, and iron concentration data, areas with these contaminants 
were given the VI value “1” for each contaminant and the area without these 
contaminations the VI value “0.” Areas affected with flood and droughts were treated 
similarly to fluoride-contaminated areas. We did not characterize flood or drought-
affected areas according to the intensity of their occurrence. Flood and drought in the 
region are chronic natural hazards and affect a largely impoverished population, often 
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resulting in mass displacement and loss of livelihoods.  The damage is significant and 
evaluating flood or drought intensity based on their occurrence and impacts in more 
than half of the districts in the state is beyond the scope of our work, and even more 
importantly, unlikely to yield additional insights. Therefore, we only considered 
presence or absence of flood or drought in the arsenic-affected areas as an additional 
environmental stressor. Hydro-geochemical conditions also significantly contribute to 
the sensitivity of arsenic prone areas. For example, the following characteristics of the 
area: geological formation, lithology, physiography, and high HCO3
- load in the 
groundwater, have been correlated with the arsenic-concentration in affected areas 
(Lado, Polya et al. 2008, Winkel, Berg et al. 2008, Saha and Shukla 2013). Hydro-
geochemical parameters such as hydraulic conductivity, chemical composition, etc. 
are aquifer specific and could be used to predict arsenic vulnerable areas (Lado, Polya 
et al. 2008, Winkel, Berg et al. 2008). For this study we have used information about 
the geological formation (Quaternary to upper quaternary=1 and Quaternary=2), 
lithology of the areas (Younger alluvial, older alluvial, and red sandy soil=1; younger 
alluvial and older alluvial soil=2; younger alluvial and calcareous alluvial soil=3; and 
younger alluvial soil=4), and the physiography (hill=1; alluvial plain=2) of the areas. 
The CVI values derived were incorporated into the attribute table of the 
shapefile of Bihar. Then applying a symbology function in the Arc Map, five natural 
intervals were created and mapped and appropriate colors were assigned to each 
vulnerability level.  
6.3.3. Principal component analysis (PCA) 
Principal components analysis (PCA) has been widely used in vulnerability 
studies (Cutter and Finch 2008, Schmidtlein, Deutsch et al. 2008, Guillard-Gonçalves, 
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Cutter et al. 2014). PCA provides an opportunity to reduce the dimensionality of the 
multivariate data sets (Warner 2012). In large data sets with several variables, some of 
the variables may be positively or negatively correlated. For instance, some of the 
variables essentially contain the same information as the twenty one vulnerability 
indicators that were used to derive composite vulnerability indexes in this study 
(Warner 2012). Therefore, PCA finds a new orthogonal coordinate system of 
uncorrelated predictors to represent the original vulnerability indexes data (Warner 
2012). PCA was performed on the data used to derive vulnerability indexes in this 
study using the Statistical Package for the Social Sciences (SPSS) version 21 (SPSS 
2012).  Each component in PCA is a linear combination of the original variables used 
to derive vulnerability indexes (Warner 2012). The first principal component is in the 
direction of greatest variance in the original data set (Warner 2012). PCA produces 
eigenvalues and loadings, which are respectively a sum of the squared loadings on a 
component and explains how strongly a variable is correlated with the component 
(Warner 2012). Loading of vulnerability indicators close to ±1 and greater than 0.5 
were considered significant (Warner 2012).  A correlation matrix between all the 
variables was derived to see the association between all the possible variables. PCA 
was performed with varimax rotation to obtain easily interpretable component 
loadings and the components with eigenvalues greater than 1 were extracted (Warner 
2012). A communalities test was also performed to see that how much of the variance 
in each of the original variables is explained by the extracted components (Warner 
2012). Communalities for variables greater than 50% were desired. A scree plot was 
also derived, which is a graphical presentation of the eigenvalues across the number 
of components (Warner 2012). Furthermore, the extracted components were named 
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based on the higher loadings of the vulnerability indicators (Warner 2012). Since the 
number of indicators of exposure, sensitivity, and adaptive capacity were 
heterogeneous, we derived a ratio to name each component applying the following 
equation: 
 
Equation 6.3: Ratio to name the principal components (RNPC) 
𝑅𝑎𝑡𝑖𝑜 𝑡𝑜 𝑛𝑎𝑚𝑒 𝑡ℎ𝑒 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 (𝑅𝑁𝑃𝐶) =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠 𝑤𝑖𝑡ℎ ℎ𝑖𝑔ℎ 𝑙𝑜𝑎𝑑𝑖𝑛𝑔𝑠 (>0.40)
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡
                   
Therefore, the components were named based on the highest RNPC values close to 
“1.” 
6.4. The Case Study of Bihar State: A Real World-Case of Multistressor 
Environment 
6.4.1. Biophysical environment of the study area 
Bihar, located in the GMB basin, is one of the worst arsenic-affected states of 
India, sharing its geographical boundary with Bangladesh, West Bengal, and Nepal, 
three of the most arsenic-affected vicinities of SA (Saha 2009).  Arsenic-
contamination in the groundwater of Bihar is a phenomenon only recently discovered. 
It was first investigated in 2002 in the Semaria Ojha Patti village of the Shahpur block 
of the Bhojpur district (Chakraborti, Mukherjee et al. 2003). The state still follows the 
old standard of 50µg/L set for arsenic in drinking water established by the World 
Health Organization (WHO 2004). The acceptable limit for arsenic in drinking water 
is 10 µg/L, set by the Bureau of Indian Standards (BIS). However, in absence of 
alternative sources, 50µg/L of arsenic is acceptable (BIS 2012). So far, out of a total 
82,000 groundwater samples tested for arsenic-contamination in 15 districts (of the 
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total of 37 districts) of Bihar, 11% exceed 50µg/L, covering 57 community blocks in 
fifteen districts (Saha 2009). The concentrations of naturally occurring arsenic in 
groundwater in Bihar (>1000µg/L) exceeded several times the arsenic levels reported 
in groundwater in many countries like Chile, Brazil, Mexico, Germany, Hungary, UK, 
USA, etc. (Nordstrom 2002, Ghosh, Singh et al. 2005, Ghosh, Singh et al. 2007, 
Ghosh, Singh et al. 2008, Saha, Dwivedi et al. 2009). 
The spatial distribution of groundwater arsenic in Bihar is irregular and 
contamination occurs in patches. The hotspots (>50µg/L) have been found to be 
confined within the younger Holocene alluvium composed of a thick multi-cyclic 
sand, clay, sandy clay, and silty clay sequence located within 50 meters of the ground 
surface, “jeopardizing the hand-pump-based rural drinking water supply in the state” 
(Saha, Dwivedi et al. 2009). The older Pleistocene alluvium was usually free of 
arsenic-contamination. Additionally, a high positive correlation between arsenic and 
iron contamination has been found in the state, doubling the cost of filtration, and 
operation and maintenance of filtration equipment due to multiple metal 
contamination (Saha, Sarangam et al. 2010). Furthermore, the elevated arsenic load is 
confined to the flood plain where rainfall facilitates percolation of organic carbon to 
the groundwater, which stimulates microbial respiration, triggering a reductive 
dissolution of arsenic and iron in the solid phase (Saha, Dwivedi et al. 2009, 
Mukherjee, Scanlon et al. 2012). These hydro-geochemical phenomena produce 
HCO3
- in shallow groundwater that helps mobilization of arsenic in the groundwater 
(Saha, Sarangam et al. 2010). Geochemical analysis of arsenic-contaminated 
groundwater in Bihar reveals that the contaminated groundwater was found to be 
“near neutral to mildly acidic and dominated by alkaline earth (Ca2+ and Mg2+) and 
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weak acid (HCO3
-) (Saha Dwivedi, 2009, see also Saha, Dhar et al. 2008, Saha, 
Sarangam et al. 2010, Saha, Sahu et al. 2011). The presence of high concentrations of 
HCO3
- in groundwater significantly contributes to the hydro-geochemical evolution of 
groundwater and trace metal mobilization in the area (Saha 2009). In a recent study, 
Saha and Shukla (2013) have explained that the arsenic-contaminated groundwater in 
the state is primarily evidenced by three hydro-geochemical facies dominated by Mg 
and HCO3 (Figure 5.2). This piper plot, originally developed by Piper in 1944, is a 
diamond shape diagram comprises of trilinear diagrams of cation and anion (two 
each) properties of water quality data (Helsel and Hirsch 2002). Figure 5.2 shows 
“dominance of alkaline earth (Ca+2 + Mg+2) over alkalis (Na+ + K+) and weak acids 
(HCO3
- + CO3
-2) over strong acids (Cl- + SO4
-2)” (Saha and Shukla 2013). 
The influence of redox conditions on arsenic mobility in the groundwater has 
been widely reported in literature (Ravenscroft, Brammer et al. 2011). A mixed 
correlation between pH and arsenic-concentrations has been reported in the state 
(Singh, Ghosh et al. 2014). There are studies investigating the association between the 
depths of the tested hand pumps and the concentrations of arsenic in groundwater in 
the state. However, none of them found any significant correlation between the two 
parameters (Saha and Shukla 2013, Singh, Ghosh et al. 2014).  
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Figure 6.2: Piper diagram showing different hydro-geochemical facies of arsenic-
contaminated groundwater in Bihar (Source: Saha and Shukla, 2013) 
 
Although the state has abundant groundwater. However, it comes from 
shallow aquifers, on which the rural water supply is heavily dependent. These shallow 
aquifers are contaminated with arsenic and this situation makes it difficult to provide 
potable water in the affected areas (Saha and Shukla 2013). The state is endowed with 
36% replenishible groundwater resource for further extraction (Saha, Dwivedi et al. 
2009). The transmissivity of the aquifer (3,718 and 6,986m2/day), indicates its higher 
potentiality than the aquifers in arsenic-affected areas in WB (300-8,800m2/day) 
(Saha, Sahu et al. 2011). Hydraulic conductivity of the groundwater ranges from 
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64.88 to 82.00m, indicating very good aquifer potential (Saha, Sahu et al. 2011).  The 
“deeper aquifer is protected by a middle clay, which may be developed for 
community drinking water supply by deep tube wells having a yield capacity of 
150m3/h (Saha, Sahu et al. 2011).” This hydro-geochemical information is valuable 
and could help with creating mitigation strategies. However, further investigation in 
all the arsenic-contaminated areas is warranted.  
A toxic risk index ranging from 0.9 to 192.50 has been derived in the state, 
exceeding the lower and upper end of the ranges of the typical toxic risk index of 
1.00, suggesting that the residents in the area might confront seriously adverse toxic 
health impacts (Singh and Ghosh 2012, Singh, Ghosh et al. 2014). The exposed 
communities were found to be consuming up to 1469µg/day of arsenic, above the 
maximum allowable limit of 200µg/day through arsenic-contaminated water and food 
materials (rice, wheat, maize, and lentils) in the state (Singh and Ghosh 2011, Singh 
and Ghosh 2012). Therefore, the cumulative effect is making children (57/1000) 
susceptible to cancer, with an average prevalence of skin pigmentation of 1.35 (Singh 
and Ghosh 2012, Singh, Ghosh et al. 2014). In a recent study, consumption of arsenic 
in excess of 200 µg/kg through cooked rice in India has been linked with elevated 
genotoxic effect in human beings (Banerjee, Banerjee et al. 2013). A series of 
obstetric outcomes were also recorded in women exposed to arsenic-contaminated 
groundwater and sixty individuals with arsenical skin lesions were reported in Bihar 
(Chakraborti, Mukherjee et al. 2003). The arsenic-contamination zone is confined to 
the socioeconomically deprived communities of the state living along the river 
Ganges, making the exposed population (more than 8 million) highly vulnerable to its 
toxic effects (Singh, Ghosh et al. 2014). 
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6.4.2. Socioeconomic-demographic-health conditions of Bihar 
Globally, India is home to one of the largest populations of impoverished 
people who are highly vulnerable to health problems (Cord, Verhoeven et al. 2009). 
Bihar is the second poorest state in the country, where more than 33 million people 
currently live below the poverty line with a monthly per capita income of only 
Rs.354.36 (about USD $7.8) (BRLPS 2007, Census 2013). More than 2 million 
people have little or no food-security, resulting in dietary deficiencies that increase 
susceptibility to Arsenicosis (BRLPS 2007, Census 2013). The state has a total 
population density of 1102 persons/km2 and a decadal population growth rate of 
28.43%. The total literacy rate is only 48% due to inequitable access to education and 
a high dropout rate (BRLPS 2007). The impacted communities are largely unaware of 
the contamination problem because of poor literacy, especially for women, whose 
literacy rate is only 33.53%. Consequently, women lack equal access to resources and 
are more likely to be impoverished, illiterate, and susceptible to abandonment, 
divorce, ostracism, or domestic violence when afflicted with Arsenicosis (BRLPS 
2007, Brinkel, Khan et al. 2009). Fear of contamination has affected social ties and 
resulted in fewer marriages, causing cultural stress between generations (Bihardays 
2011). 
Arsenicosis-affected individuals and communities also face social 
marginalization, including alienation, stigmatization, and discrimination. A typical 
community in an arsenic-affected rural area is presented in Figure 6.3. 
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Figure 6.3: A typical community in an arsenic-affected area in Bihar (Photograph by 
Sushant Singh, 2013) 
 
Additionally, the high infant mortality rate, kala-azar prevalence, TB 
incidence, HIV prevalence, frequency of diarrhea, and other diseases significantly 
contribute to vulnerability of communities. Furthermore, multiple environmental 
contaminants like, F, N, and other contaminants, as well as other environmental 
stresses like flood and drought incidence, in addition to exposure to stressors like 
climate change or regional bio-physical or political issues further amplify 
vulnerability to arsenic. 
6.5. Data Collection and Processing 
Arsenic, fluoride, nitrate, and iron contamination data in different districts of 
Bihar was extracted from the published literature and field survey (SOES 2006, 
Ghosh, Singh et al. 2007, Ghosh, Singh et al. 2008, Saha 2009, Saha, Dwivedi et al. 
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2009, Singh 2011). The at-risk population was calculated based on the number of 
blocks contaminated with arsenic. In this study, we defined the threshold for 
population at risk at 10μg/L of groundwater arsenic-contamination (Nickson, 
Sengupta et al. 2007). Flood and drought incidence were pooled from federal reports. 
Socioeconomic, demographic, and health-related data were extracted from the 
Census-2001 and policy documents (Census-India 2011). Hydro-geological data were 
extracted from the published maps and state reports (BSPCB 2007, GSI 2012, 
BAMETI 2014). All the data were standardized and processed according to the UNEP 
guidelines (UNEP 2003). 
A Shapefile for Bihar with district boundaries and rivers available at the 
http://www.diva-gis.org/ was downloaded. All the data were incorporated into the 
attribute table and maps were created using ArcGIS 10.1(ESRI 2012). 
6.6. Results and Discussion 
6.6.1. Arsenic vulnerability maps (AVM) 
The AVM explicates the areas contaminated with arsenic ranging from 0µg/L 
to >1000µg/L of arsenic (Figure 6.4) and the population at risk due to ready access to 
the drinking water sources with arsenic levels more than 10µg/L (Figure 6.5). Five 
districts were found to be contaminated with >1000µg/L of arsenic including Buxar, 
Bhojpur, Patna, Samastipur, and Bhagalpur. Nine districts were found to have arsenic 
below the BIS standard of 50μg/L in the state (Figure 6.4). A total of about 9 million 
populations were found to be at risk in the state. 
The population in about one half of the arsenic-affected districts was found to 
be highly vulnerable to arsenic-contamination, amounting to a total population of 
about 4.4 million out of the total at-risk population (Figure 6.5). The least at-risk 
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population in the arsenic-affected districts was found to be 7% in Darbhanga district, 
covering only one block. The highest arsenic-affected population (63%) was found in 
Khagaria district, covering a total of three blocks (Figure 6.5). 
 
Figure 6.4: Arsenic contaminated districts of Bihar, India 
Note: The map is based on more than 30,000 drinking water sources tested for arsenic-
concentrations, pooled from several published sources. The mean value of arsenic exceeds 
the BIS standards set for drinking water. However, the map represents the highest 
concentration detected in the areas (SOES 2006, Ghosh, Singh et al. 2007, Saha 2009, Singh 
2011).   
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Figure 6.5: Arsenic vulnerable population of Bihar, India 
6.6.2. Mapping exposure 
6.6.2.1. Mapping environmental vulnerability 
Only Bhagalpur district was found to be a highly environmentally vulnerable 
area. Bhagalpur is a unique arsenic-affected area because the groundwater in this area 
is contaminated with arsenic, iron, and nitrate. Also, the district is affected by flood 
and drought incidences (Figure 6.6). Five districts Bhojpur, Buxar, Patna, Samastipur, 
and Vaishali were found to be moderately vulnerable, followed by the less vulnerable 
two districts, and four at risk. Only three districts including Darbhanga, Lakhisarai, 
and Purnia were the resilient districts because of the comparatively fewer biophysical 
stressors. The moderately vulnerable districts: Bhojpur was experiencing drought, 
arsenic, nitrate, and iron problems; Buxar was experiencing drought, arsenic, fluoride, 
and iron problems; Patna was experiencing drought, arsenic, fluoride, and nitrate 
problems; Samastipur was experiencing flood, arsenic, and iron problems, and 
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Vaishali was experiencing flood, drought, and arsenic problems.  
 
Figure 6.6: Environmental vulnerability map of Bihar, India 
 
6.6.3. Mapping sensitivity 
6.6.3.1. Mapping socioeconomic-demographic vulnerability 
A total of five districts including Vaishali, Samastipur, Darbhanga, Purnia, and 
Katihar were found to be socioeconomically and demographically highly vulnerable 
(Figure 5.5). Among these districts only Samastipur falls in the 500µg/L to 1000µg/L 
arsenic-contamination range (Figure 6.4). Among the highly arsenic-affected districts 
(>1000µg/L) and highly arsenic-vulnerable populations, only Patna district was found 
to be socioeconomically and demographically moderately vulnerable (Figure 6.4 and 
Figure 6.7). The socioeconomic-demographic vulnerability is a function of the 
population below the poverty line, population growth, population density, SCs and 
STs population (representing the lowest rungs of the caste hierarchy). The 
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socioeconomic-demographic vulnerability map explicates that in spite of having a 
higher concentration of arsenic and a highly vulnerable population size, the 
socioeconomic and demographic conditions of the exposed population reduced the 
vulnerability in the high arsenic-contaminated areas and magnified the vulnerability in 
the areas with lower levels of arsenic-contamination. With more than 1000µg/L of 
arsenic levels in the groundwater, Buxar, Bhojpur, and Bhagalpur districts were found 
to be socioeconomically and demographically at risk, which is the second level of the 
vulnerability index, only one level past the resilient stage. The districts with arsenic 
levels between 51µg/L to 1000µg/L including Vaishali and Samastipur were found to 
be socioeconomically and demographically highly vulnerable. 
Darbhanga, Purnia, and Katihar, which are comparatively less arsenic-
contaminated (<arsenic 20µg/L), were the other three highly vulnerable areas because 
of the poor socioeconomic and demographic conditions. Only two districts, Lakhisarai 
(because of the lowest number of the most vulnerable population (STs) and the lowest 
population density), and Munger (because of the lowest population density in the 
areas), were found to be resilient districts in the state.   
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Figure 6.7: Socioeconomic-demographic vulnerability map of Bihar, India 
 
6.6.3.2. Mapping health vulnerability 
The population of Bihar is affected by several diseases such as diarrhea, 
tuberculosis, Filariasis, polio, and kala-azar that are endemic in the state. This study 
demonstrates that Katihar and Patna districts were highly vulnerable due to very poor 
health conditions, followed by moderately vulnerable district Vaishali, less vulnerable 
districts Saran, Samastipur, Khagaria, and Purnia, and the at-risk districts Lakhisarai, 
Bhagalpur, Darbhanga, and Kishanganj (Figure 6.8). In Katihar the infant-mortality 
rate (59%) and the HIV prevalence (2.5%) were very high (BRLPS 2014). In Patna 
the tuberculosis incidence (8.5%) was the highest among other districts (BRLPS 
2014). In the moderately vulnerable district Vaishali the kala-azar prevalence was the 
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highest (11.4%) followed by a high tuberculosis incidence of 4.3 (BRLPS 2007). 
People with poor health will be more susceptible to arsenicosis. They lack the 
required physiological coping mechanisms against foreign agents in the body, 
therefore making them more vulnerable and sensitive to any additional health 
problems.  
 
Figure 6.8: Health vulnerability map of Bihar, India 
 
6.6.3.3. Mapping geological vulnerability 
Geologically, Darbhanga, Katihar, Khagaria, Kishanganj, and Purnia were 
found to be highly vulnerable as the lithology of the areas is composed of younger 
alluvium, which has been reported as highly contaminated with arsenic (CGWB and 
NIH 2010). However, all of these districts are on the northern side of the river Ganges 
and have not been investigated for groundwater arsenic-contamination (Figure 6.4 and 
Figure 6.9). The moderately vulnerable districts were Buxar, Bhojpur, Saran, 
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Vaishali, Samastipur, and Begusarai. All these districts except Begusarai have been 
found to be highly arsenic-contaminated areas (CGWB and NIH 2010). The lithology 
of these districts is mainly shaped by the younger alluvial and calcareous alluvial soil 
(CGWB 2010, CGWB and NIH 2010).  
 
Figure 6.9: Geological vulnerability map of Bihar, India 
 
6.6.4. Mapping adaptive capacity 
Kishanganj, Purnia, and Katihar were found to be the highly vulnerable areas 
because of they have the lowest adaptive capacities (Figure 6.10). The total literacy 
rates and the female literacy rates in these districts were far below the average literacy 
rates in the state (BRLPS 2007). Katihar and Purnia both had a total literacy rate of 
only 35.1% whereas, Kishanganj had the lowest total literacy rate of only 31% among 
all other districts (BRLPS 2007).  Two highly arsenic-affected districts, Bhojpur and 
Patna, along with one of the lowest arsenic-affected districts, Munger, were the 
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resilient areas with higher literacy rates (Census-India 2011) (Figure 6.10). Highly 
arsenic-affected areas of Buxar and Bhagalpur were at-risk, followed by Samastipur 
(Figure 6.10). 
 
Figure 6.10: Adaptive capacity map of Bihar, India 
 
6.6.5. Mapping composite vulnerability 
A composite vulnerability map (CVM) is based on the average mean value of 
all the vulnerability indexes covered in this study.  It is important to mention here that 
the VI values for exposure and sensitivity trended in a positive direction (the greater 
the VI, greater the vulnerability). However, for adaptive capacity, the VI values 
trended in a negative direction (the greater the VI, less adaptive capacity). The CVM 
elucidates that Katihar was the only district found to be a highly vulnerable area, 
followed by the moderately vulnerable areas of Vaishali, Samastipur, Khagaria, and 
Purnia. Less vulnerable areas were Buxar, Patna, Begusarai, Bhagalpur, Saran, 
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Darbhanga, and Kishanganj districts, respectively (Figure 6.11).  The Bhojpur and 
Lakhisarai districts were found to be the districts at risk. Only one district, Munger, 
was found to be resilient with comparatively higher adaptive capacities (Figure 6.11). 
Surprisingly, between the two at-risk districts, Bhojpur was one of the highly arsenic-
contaminated districts, with arsenic-levels in the groundwater of more than 1000µg/L 
(Figure 6.4). 
 
Figure 6.11: Composite vulnerability map showing total vulnerability in Bihar, India 
 
Additionally, the study suggests that besides higher concentrations of a 
carcinogenic material (arsenic in this case), other bio-physical, socioeconomic, 
demographic, educational, health, and environmental factors have a significant effect 
on the total vulnerability in the area. Therefore, a CVM could be a very important 
decision-making tool to evaluate the actual vulnerable areas as a function of 
composite vulnerability indicators. Among the highly arsenic-affected districts, which 
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include Buxar, Bhojpur, Patna, and Bhagalpur (arsenic>1000µg/L), Bhojpur dropped 
two levels on the vulnerability index scale and improved to be classified as an “at-
risk” district (Figure 6.11). The other three districts dropped one level to being less 
vulnerable areas (Figure 6.11). 
These findings suggest that vulnerability of the area or the communities in the 
state do not depend entirely on the environmental stressors like groundwater 
contaminations or other environmental hazards. Other factors, including the 
socioeconomic and demographic status of the communities and geological properties 
of the areas, play a vital role in shaping the total vulnerability of the population and 
the region. These finding are in line with previous studies, which argue that there is a 
need for multiple indicators to adequately assess the vulnerability of areas impacted 
by natural hazards (Cutter, Emrich et al. 2009). 
6.6.6. Principal components analysis 
According to the correlation matrix, a significant positive correlation between 
rural population, flood incidence, and geological formation was found (Appendix 
VI.I). This positive correlation suggests that flood incidences are more prevalent in 
rural areas, and the geological formation is of quaternary age. These factors will 
contribute to the vulnerability in the rural areas in the state. Furthermore, a very high 
positive correlation between BPL, kala-azar prevalence, TB incidences, flood 
incidences, lithology of the areas, and physiography of the areas was also derived 
(Appendix VI.I). A high positive correlation was found between the SC population 
and population density. Total literacy and female literacy, were found to be 
significantly negatively correlated to the ST population. Population growth only had a 
strong negative correlation with total literacy but was found to be strongly positively 
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correlated with the lithology and the physiography of the areas. This further explains 
that population growth is greater in the areas with younger alluvial soil and in the 
alluvial plain in the state. This is natural, as the younger alluvial soils are highly 
fertile and people tend to inhabit to fertile lands. Population density showed a strong 
positive correlation with kala-azar prevalence and TB incidence (Appendix VI.I).   
 
Appendix VI.I: Correlation matrix 
 
Communalities of one third of the variables were close to 1 and was 
reasonably high for rest of the variables, with only one variable drought incidence 
(0.566) close to the lower end of the acceptable value (Appendix VI.II). The extracted 
principal components have been represented in Table 6.3. 
 
Appendix VI.II: Communalities table 
 
The eigenvalues in the extracted five components that were found to be greater 
than one ranged between 1.2 and 6.8 (Table 6.3). The first principal components 
explain about 33% of the variance; the second components accounted for 21% of the 
variance; the third with 14.3% of the variance; the fourth components for 7.5%; and 
the fifth components for 5.9% of the variance (Table 6.3). Together, the first five 
components accounted for a cumulative 81.6% of the variance in the vulnerability 
data set. 
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Table 6.3: Eigenvalues of the principal components 
 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 6.891 32.812 32.812 6.891 32.812 32.812 
2 4.423 21.063 53.875 4.423 21.063 53.875 
3 3.003 14.298 68.173 3.003 14.298 68.173 
4 1.584 7.542 75.716 1.584 7.542 75.716 
5 1.235 5.882 81.598 1.235 5.882 81.598 
6 .922 4.392 85.990    
7 .877 4.174 90.164    
8 .766 3.650 93.814    
Extraction Method: Principal Component Analysis 
 
The first PC contrasts the total literacy, female literacy, fluoride-affected 
districts, and drought incidence with other variables in the component. As discussed 
earlier, literacy rates (both total literacy rate and female literacy rate) reduce total 
vulnerability, as they constitute a very important component of the adaptive capacity 
of the communities. The extreme negative loadings of total literacy rate (-.942) and 
female literacy rate (-.930) reflect that the composite vulnerability is highly negatively 
affected by adaptive capacity (Table 6.4). The sensitivity indicators, lithology (.760) 
and infant mortality rate (.740) with comparatively higher loadings, indicate that the 
composite vulnerability is affected by the sensitivity of the areas. Other variables with 
loadings close to zero indicate an average contribution to composite vulnerability 
(Saha and Shukla 2013). The second PC was primarily marked by high positive 
loadings of eight sensitivity indicators with only one variable geological formation 
with negative loading (Table 6.4). The third component was marked by only the 
sensitivity indicators. The fourth components and the fifth component was marked 
respectively with only three elements and two elements with loadings more than 0.40. 
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Table 6.4: Loading matrix of the principal components 
 
Component Matrixa 
 Component 
1 2 3 4 5 
Total literacy -.942 -.036 -.147 .113 .073 
Female literacy -.930 .105 -.150 .043 -.084 
Lithology .760 .451 .123 .265 .053 
Infant mortality rate .740 -.277 .105 -.018 -.185 
Flood incidence .717 .373 -.124 -.060 -.082 
Fluoride affected districts -.660 -.139 .390 .030 -.324 
Rural population .651 .038 -.588 .353 .079 
Population growth .561 .417 .355 .221 -.188 
Arsenic affected districts -.557 .311 -.102 .511 -.047 
Nitrate affected districts -.550 .155 .248 .398 -.344 
Drought incidence -.477 -.362 .364 .270 .050 
Population density -.311 .842 -.240 -.061 .053 
Below the poverty line 
population 
.438 .797 .228 -.194 .086 
Tuberculosis incidence -.372 .796 .314 -.130 .212 
Kala-azar Prevalence .075 .684 -.388 -.289 -.187 
Physiography .357 .636 .032 .629 -.253 
HIV prevalence -.039 .223 .761 -.011 .514 
Scheduled caste 
population 
-.392 .462 -.658 -.082 .294 
Scheduled tribe 
population 
.620 -.143 .628 -.153 -.077 
Geological formation .502 -.492 -.555 -.016 -.162 
Iron affected districts .363 -.411 -.122 .510 .610 
Extraction Method: Principal Component Analysis 
a5 components extracted 
 
The bend that appears on the scree-plot also suggests that the variance will 
essentially be explained by the five PC (Appendix VI.III). A loading of more than 
0.40 of each variable in each component was interpreted and was considered in 
naming the components (Warner 2012). The first component had high loadings of a 
total of 16 variables. Both the adaptive capacity indicators, total literacy rate, and 
female literacy rate had the highest loadings (Table 6.4). Furthermore, five exposure 
indicators out of a total of six, and nine sensitivity indicators out of a total of thirteen 
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were the other elements in the first component, with more than 0.40 loadings. Based 
on the RNPC, the first component could be labeled “Adaptive Capacity,” the second 
and the third component “Sensitivity,” and the fourth and the fifth component 
“Exposure” (Table 6.4). The fifth component had only two variables with loadings 
more than 0.40, each from exposure and sensitivity. Considering the comparatively 
higher loading of the iron-affected district (0.610) over the HIV prevalence (0.514), 
we named the fifth component “Exposure.” 
 
6.7. Results and Discussion 
There exists a unique combination of bio-physical and socioeconomic 
conditions in Bihar, making it highly vulnerable to the effects of groundwater arsenic-
contamination. The CVM shows that Katihar is the only “highly vulnerable” district, 
followed by the “moderately vulnerable” areas of Vaishali, Samastipur, Khagaria, and 
Purnia, and the “less vulnerable” areas of Buxar, Patna, Begusarai, Bhagalpur, Saran, 
Darbhanga, and Kishanganj, respectively.  Bhojpur and Lakhisarai districts were 
found to be “at risk.” Only Munger was found to be a “resilient” district with a 
comparatively higher coping capacity. Vaishali, Samastipur, and Katihar districts 
should be given priority in arsenic-mitigation plans. Low cost arsenic-mitigation 
technology(s) would be the best fit for Vaishali and Purnia followed by Darbhanga, 
Katihar, Samastipur, and Begusarai, respectively. The Bhojpur district would be an 
ideal arsenic-affected district to begin with an arsenic-mitigation plan.  
The CVM of Bihar has three major potential uses: first, to identify the “highly 
vulnerable” areas where arsenic-mitigation is urgently required; second, to identify 
types of feasible and sustainable arsenic-mitigation options for a specific vulnerable 
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area; and third, to identify the area(s) where the likelihood of success of an arsenic-
mitigation plan is greatest (Figure 6.11). Our study demonstrates that among the 15 
arsenic-affected districts, Katihar can be considered “highly vulnerable.” Therefore, 
this district should be given priority in an arsenic-mitigation plan. Although Katihar 
has very low levels of arsenic-concentration, socioeconomically and demographically, 
health wise, and geologically, it is one of the “highly vulnerable” areas in the state 
with the least adaptive capacity. Arsenic-mitigation policy should accord the next 
highest priority to Buxar, Patna, Begusarai, Bhagalpur, and Saran followed by other 
arsenic-contaminated districts including Vaishali, Samastipur, and Khagaria. 
Although Bhojpur was among the highly arsenic-affected districts, because of its high 
level of adaptive capacity, it was found to be “at risk.” Therefore, the likelihood of 
success of an arsenic-mitigation program in this district is very high. Vaishali, 
Samastipur, Khagaria, and Purnia are the “moderately vulnerable” areas which are 
socioeconomically and demographically heterogeneous in nature and fall under the 
socioeconomically and demographically highly vulnerable areas in the state. 
Therefore, the expensive arsenic-mitigation options would not work in any of these 
districts. Considering the adaptive capacity of these three “highly vulnerable” 
districts, Vaishali has a better adaptive capacity than the other districts. Therefore, 
among the “moderately vulnerable” districts, Vaishali should be given priority, 
followed by Samastipur with low-cost arsenic-mitigation policies. 
The PCA suggests that the five principal components essentially explain the 
variance in composite vulnerability. The total literacy rate, the female literacy rate, 
rural population, population growth, population below the poverty line, scheduled 
caste population, infant-mortality rate, flood incidence, drought incidence, arsenic, 
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fluoride, nitrate, lithology, and the geological formation were found to be the most 
important variables to explain the variance of composite vulnerability. The first 
component was the adaptive capacity, which further suggests that the adaptive 
capacity of the communities makes relatively greater contributions to reduce the total 
vulnerability. Moreover, other indicators of adaptive capacity could be identified and 
studied to derive total vulnerability in areas under multiple environmental and social 
stressors. For instance, additional information about people’s risk perception of the 
arsenic problem, presence and functionality of institutions, interpersonal trust and 
trust in institutions working in those areas would be very helpful in understanding the 
adaptive capacity of the exposed communities. In our ongoing study, we gathered 
household-level information about these indicators along with other socioeconomic 
and demographic variables in three arsenic-affected villages in Bihar, India, which 
would be incorporated in the proposed vulnerability framework and a CV could be 
derived at the household level. This will make the CV decision-making tool more 
precise. The empirical data from these three arsenic-affected villages would help 
calibrate the CVM and will testify to the predictive capacity of the CVM. 
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CHAPTER-VII 
7. Implications for Environmental Management 
This study offers a novel method for assessing and mapping the composite 
vulnerability to arsenic contamination, and presents an arsenic risk perception 
framework to assess decision making to adopt arsenic mitigation strategies. This study 
demonstrates that social factors should be taken into account during arsenic mitigation 
studies and environmental assessment research in the MGP and other SA countries.  
This study found elevated levels of arsenic in three villages in the MGP, which 
are exposed to the rivers Ganges and Son. Other villages in this region may also be at 
risk of groundwater arsenic contamination. Environmental investigations should not 
be limited to geochemical analysis, and arsenic mitigation policies should not only 
consider extent of a particular contamination. Communities’ socioeconomic, 
demographic, and other social factors should be assessed and arsenic mitigation 
policies should consider these factors while creating any arsenic management policy. 
The CVM could be used at local (household, sub district, and district), regional 
(state), national and global levels, such as in the arsenic contaminated districts and 
states in India, Nepal, Pakistan, Bangladesh, and other countries, where 
socioeconomic and demographic conditions are similar to the MGP in India. Risk 
perception to arsenic contamination played vital role in decision-making to adopt 
arsenic mitigation technologies therefore, communities’ perceived risks should be 
evaluated before creating any arsenic mitigation policy to prioritize areas for arsenic 
mitigation interventions, to target for education and outreach programs. Social capital 
was revealed as one of the most important social factors, among others, and plays a 
significant role in shaping people’s risk perception and reducing total vulnerability of 
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a community. Therefore, social capital should be enhanced through education and 
outreach and through strengthening local institutions. Caste is a vital social factor and 
plays a significant role in shaping risk perception and decision-making to adopt 
arsenic mitigation. Until now these social factors have never been considered while 
creating and implementing arsenic mitigation policies in the MGP and in other arsenic 
contaminated areas across the globe. One model does not fit to all. A mixed model of 
specific arsenic mitigation technologies should be applied considering the 
socioeconomic, demographic and other social factors in arsenic contaminated areas. 
7.1. Constraints and limitations  
Although the sample size for the household survey was appropriate and the 
response rates corresponded to the rates among similar surveys, during the analysis it 
was revealed that, in a couple of cases, the responses (yes vs. no) were less than the 
minimum required percentage (25%) (e.g. preference for dug wells and rainwater 
harvesting systems). Therefore, a comparatively larger sample size is recommended 
or, a minimum response rate should be achieved.  As indicated in the survey 
administration section, the demographic representation was skewed toward men; as a 
result we could not analyze gender’s effect on our statistical analysis and models.  
The project area falls under a flood prone zone. During the survey, I 
encountered extreme weather conditions such as very high temperatures (490C) 
followed by flooding.  My team encountered social resistance such as suspicion of 
doing this survey for personal benefits. In Bhawani Tola a small group of villagers 
accused us of attempting to poison the hand pumps, similar to events in other districts 
in Bihar where hand pumps were poisoned with pesticides and students died from the 
poisoned water (Abidi 2013, Wikipedia 2013). I convinced the group that we are here 
240 
 
 
to investigate and to help them. For future studies in this area, it is recommended that 
researchers visit in the months of fall (August to December) and late spring (February 
to April). This is because of the reasons that the early summer is a season for marriage 
in India and mid-summer is extremely hot (>480C or >1100F). It is highly 
recommended that household survey should be avoided in summer months. 
Knowledge of the local language and awareness about socio-cultural and political 
conditions of the project area is vital.  
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Appendix I.II: The description and coding used for the variables 
 
Components Variables Sub-variables Code 
used 
Socioeconomic and 
demographic 
Gender 
Female 1 
Male 2 
Age -    
Caste 
Scheduled caste 1 
Backward caste 2 
Forward caste 3 
Marital status  
Single 1 
Married 2 
Education level  
Illiterate 1 
Primary education 2 
Secondary 
education 
3 
College (UG+G) 4 
Household size 
<=5 1 
>5-10> 2 
>10 3 
Occupation  
Unemployed 1 
Labor 2 
Agriculture 3 
Job 4 
Income group  
BPL (Rs.500<per 
month) 
1 
APL (R>Rs.500-
Rs.10,000> per 
month 
2 
Upper APL 
(>Rs.10,000 per 
month) 
3 
Agricultural landholdings  
No landholdings 1 
Landholdings 2 
Housing status  
Straw made 1 
Thatched roof 2 
Kachcha 3 
Pucca 4 
Water and sanitation 
status 
Time spent for water collection  
<10minutes 1 
>10minutes 2 
Distance from water source  
<50meters 1 
>50meters 2 
Place for defecation  
Toilet 1 
Open field 2 
Material used for hand washing 
after defecation  
Soap or Ash 1 
Soil 2 
Awareness about arsenic 
and associated health 
issues 
Arsenic awareness index 
No awareness 1 
Low awareness 2 
High awareness 3 
Social capital 
Opinion about the presence and 
the functionality of Anganwadi 
Not available 1 
Strongly disagree 2 
Neutral 3 
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Strongly agree 4 
Opinion about the presence and 
the functionality of Mahila 
Samakhya 
Not available 1 
Strongly disagree 2 
Neutral 3 
Strongly agree 4 
Opinion about the presence and 
the functionality of Self Help 
Group? And village 
Not available 1 
Strongly disagree 2 
Neutral 3 
Strongly agree 4 
Participation in panchayat 
activities 
Strongly disagree 1 
Neutral 2 
Strongly agree 3 
Neighbors and others seeking 
advice and valuing their views  
Strongly disagree 1 
Neutral 2 
Strongly agree 3 
Trust in others and in 
agencies 
Trust in people outside family 
None 1 
1to5 2 
>5 3 
Trust in government agencies 
Strongly disagree 1 
Neutral 2 
Strongly agree 3 
Trust in NGOs 
Strongly disagree 1 
Neutral 2 
Strongly agree 3 
Trust in private agencies 
Strongly disagree 1 
Neutral 2 
Strongly agree 3 
Trust in academicians/scientists 
Strongly disagree 1 
Neutral 2 
Strongly agree 3 
Preference for a feasible 
and sustainable arsenic 
mitigation technology 
 
Arsenic treatment unit (ATU) No 0 
 Yes 1 
Deep tube well (DTW) No 0 
 Yes 1 
Dug well/Open well (DW/OW) No 0 
 Yes 1 
Piped water supply (PWS) No 0 
 Yes 1 
Rainwater harvesting (RWH) No 0 
 Yes 1 
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Appendix II.I: Crosstabs analysis of demographics of the respondents 
Gender of the respondents * Name of the surveyed villages 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Gender of the 
respondents 
Female 
Count 10 2 5 17 
Expected 
Count 
5.6 6.0 5.5 17.0 
Male 
Count 101 117 105 323 
Expected 
Count 
105.5 113.1 104.5 323.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 6.564a 2 .038 
Likelihood Ratio 6.791 2 .034 
Linear-by-Linear Association 2.327 1 .127 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
5.50. 
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Age group of the respondents * Name of the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Age group of 
the 
respondents 
18-28 
Count 10 18 9 37 
Expected Count 12.1 13.0 12.0 37.0 
29-39 
Count 18 32 23 73 
Expected Count 23.8 25.6 23.6 73.0 
40-50 
Count 40 33 40 113 
Expected Count 36.9 39.6 36.6 113.0 
51-61 
Count 25 22 13 60 
Expected Count 19.6 21.0 19.4 60.0 
62 and 
above 
Count 18 14 25 57 
Expected Count 18.6 20.0 18.4 57.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 15.595a 8 .049 
Likelihood Ratio 15.664 8 .047 
Linear-by-Linear Association .003 1 .960 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
11.97. 
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Caste of the respondents * Name of the surveyed villages 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Caste of the 
respondents 
Scheduled 
Caste 
Count 26 23 22 71 
Expected 
Count 
23.2 24.9 23.0 71.0 
Backward 
Caste 
Count 85 22 41 148 
Expected 
Count 
48.3 51.8 47.9 148.0 
Forward 
Caste 
Count 0 74 47 121 
Expected 
Count 
39.5 42.4 39.1 121.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 111.235a 4 .000 
Likelihood Ratio 145.918 4 .000 
Linear-by-Linear Association 21.733 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
22.97. 
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Marital status of the respondents * Name of the surveyed villages 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Marital status 
of the 
respondents 
Single+ 
Divorced+ 
Abandoned 
Count 5 11 1 17 
Expected 
Count 
5.6 6.0 5.5 17.0 
Married 
Count 106 108 109 323 
Expected 
Count 
105.5 113.1 104.5 323.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 8.445a 2 .015 
Likelihood Ratio 9.489 2 .009 
Linear-by-Linear Association 1.482 1 .223 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
5.50. 
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Education level of the respondents * Name of the surveyed villages 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Education level 
of the 
respondents 
Illiterate 
Count 55 13 15 83 
Expected 
Count 
27.1 29.1 26.9 83.0 
Primary 
education 
Count 46 48 45 139 
Expected 
Count 
45.4 48.7 45.0 139.0 
Secondary 
education 
Count 9 37 34 80 
Expected 
Count 
26.1 28.0 25.9 80.0 
College 
(UG+PG) 
Count 1 21 16 38 
Expected 
Count 
12.4 13.3 12.3 38.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 75.569a 6 .000 
Likelihood Ratio 82.088 6 .000 
Linear-by-Linear Association 46.460 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
12.29. 
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Household size (only dependent members) of the respondents * Name of the 
surveyed villages 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Household size 
(only dependent 
members) of the 
respondents 
<=5 
Count 48 43 37 128 
Expected 
Count 
41.8 44.8 41.4 128.0 
>5-10> 
Count 57 67 67 191 
Expected 
Count 
62.4 66.9 61.8 191.0 
>10 
Count 6 9 6 21 
Expected 
Count 
6.9 7.4 6.8 21.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 2.935a 4 .569 
Likelihood Ratio 2.896 4 .575 
Linear-by-Linear Association 1.519 1 .218 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
6.79. 
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Appendix II.II: Crosstabs analysis of household details of the respondents 
Occupation of the respondents * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Occupation of 
the respondents 
Unemployed 
Count 24 4 2 30 
Expected 
Count 
9.8 10.5 9.7 30.0 
Labor 
Count 57 36 39 132 
Expected 
Count 
43.1 46.2 42.7 132.0 
Agriculture 
Count 22 49 43 114 
Expected 
Count 
37.2 39.9 36.9 114.0 
Job+Business 
Count 8 30 26 64 
Expected 
Count 
20.9 22.4 20.7 64.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 59.009a 6 .000 
Likelihood Ratio 60.028 6 .000 
Linear-by-Linear Association 36.313 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
9.71. 
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Income group based on gross monthly cash income of the respondents * Name of 
the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Income group 
based on gross 
monthly cash 
income of the 
respondents 
BPL(Rs.500<per 
month) 
Count 30 5 2 37 
Expected 
Count 
12.1 13.0 12.0 37.0 
Lower 
APL(>Rs.500-
Rs.10,000 per 
month) 
Count 67 90 86 243 
Expected 
Count 
79.3 85.1 78.6 243.0 
Upper 
APL(>Rs.10,000 
per month) 
Count 14 24 22 60 
Expected 
Count 
19.6 21.0 19.4 60.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 45.038a 4 .000 
Likelihood Ratio 43.400 4 .000 
Linear-by-Linear Association 20.907 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
11.97. 
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Agricultural landholdings of the respondents * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Agricultural 
landholdings of the 
respondents 
No 
landholdings 
Count 53 78 61 192 
Expected 
Count 
62.7 67.2 62.1 192.0 
Landholdings 
Count 58 41 49 148 
Expected 
Count 
48.3 51.8 47.9 148.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 7.469a 2 .024 
Likelihood Ratio 7.524 2 .023 
Linear-by-Linear Association 1.346 1 .246 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
47.88. 
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Housing status of the respondents (observed and noted) * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Housing status of the 
respondents 
(observed and noted) 
Straw 
made 
house 
Count 21 8 3 32 
Expected 
Count 
10.4 11.2 10.4 32.0 
Thatched 
roof house 
Count 32 25 26 83 
Expected 
Count 
27.1 29.1 26.9 83.0 
Kuccha 
house 
Count 33 46 49 128 
Expected 
Count 
41.8 44.8 41.4 128.0 
Pucca 
house 
Count 25 40 32 97 
Expected 
Count 
31.7 34.0 31.4 97.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 24.040a 6 .001 
Likelihood Ratio 23.851 6 .001 
Linear-by-Linear Association 12.177 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
10.35. 
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Rice cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Rice cultivation by the 
household 
No 
Count 108 96 95 299 
Expected 
Count 
97.6 104.7 96.7 299.0 
Yes 
Count 3 23 15 41 
Expected 
Count 
13.4 14.4 13.3 41.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 15.350a 2 .000 
Likelihood Ratio 18.250 2 .000 
Linear-by-Linear Association 6.250 1 .012 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
13.26. 
 
 
 
272 
 
 
 
Wheat cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Wheat cultivation by 
the household 
No 
Count 50 60 47 157 
Expected 
Count 
51.3 55.0 50.8 157.0 
Yes 
Count 61 59 63 183 
Expected 
Count 
59.7 64.1 59.2 183.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 1.446a 2 .485 
Likelihood Ratio 1.446 2 .485 
Linear-by-Linear Association .117 1 .732 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
50.79. 
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Maize cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Maize cultivation by 
the household 
No 
Count 89 104 87 280 
Expected 
Count 
91.4 98.0 90.6 280.0 
Yes 
Count 22 15 23 60 
Expected 
Count 
19.6 21.0 19.4 60.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 3.248a 2 .197 
Likelihood Ratio 3.385 2 .184 
Linear-by-Linear Association .043 1 .836 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
19.41. 
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Pulse cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Pulse cultivation by the 
household 
No 
Count 93 117 109 319 
Expected 
Count 
104.1 111.7 103.2 319.0 
Yes 
Count 18 2 1 21 
Expected 
Count 
6.9 7.4 6.8 21.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 28.724a 2 .000 
Likelihood Ratio 27.520 2 .000 
Linear-by-Linear Association 22.337 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
6.79. 
 
 
 
275 
 
 
 
Millet cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Millet cultivation by 
the household 
No 
Count 109 116 108 333 
Expected 
Count 
108.7 116.6 107.7 333.0 
Yes 
Count 2 3 2 7 
Expected 
Count 
2.3 2.5 2.3 7.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square .194a 2 .908 
Likelihood Ratio .189 2 .910 
Linear-by-Linear Association .000 1 .992 
N of Valid Cases 340   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
2.26. 
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Potatoes cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Potatoes cultivation by 
the household 
No 
Count 75 118 110 303 
Expected 
Count 
98.9 106.1 98.0 303.0 
Yes 
Count 36 1 0 37 
Expected 
Count 
12.1 13.0 12.0 37.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 78.960a 2 .000 
Likelihood Ratio 82.524 2 .000 
Linear-by-Linear Association 59.927 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
11.97. 
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Groundnuts cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Groundnuts cultivation 
by the household 
No 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value 
Pearson Chi-Square .a 
N of Valid Cases 340 
a. No statistics are computed because Groundnuts cultivation by the household is a 
constant. 
 
 
 
278 
 
 
 
Vegetables cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Vegetables cultivation 
by the household 
No 
Count 97 113 105 315 
Expected 
Count 
102.8 110.3 101.9 315.0 
Yes 
Count 14 6 5 25 
Expected 
Count 
8.2 8.8 8.1 25.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 6.713a 2 .035 
Likelihood Ratio 6.270 2 .043 
Linear-by-Linear Association 5.277 1 .022 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
8.09. 
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Fruit cultivation by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Fruits cultivation by 
the household 
No 
Count 110 119 110 339 
Expected 
Count 
110.7 118.7 109.7 339.0 
Yes 
Count 1 0 0 1 
Expected 
Count 
.3 .4 .3 1.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 2.069a 2 .355 
Likelihood Ratio 2.245 2 .325 
Linear-by-Linear Association 1.529 1 .216 
N of Valid Cases 340   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
.32. 
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Do you own any livestock-Cow? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you own any 
livestock-Cow? 
No 
Count 48 62 51 161 
Expected 
Count 
52.6 56.4 52.1 161.0 
Yes 
Count 63 57 59 179 
Expected 
Count 
58.4 62.7 57.9 179.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 1.871a 2 .392 
Likelihood Ratio 1.872 2 .392 
Linear-by-Linear Association .218 1 .640 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
52.09. 
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Do you own any livestock-Buffalo? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you own any 
livestock-Buffalo? 
No 
Count 79 114 90 283 
Expected 
Count 
92.4 99.1 91.6 283.0 
Yes 
Count 32 5 20 57 
Expected 
Count 
18.6 20.0 18.4 57.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 25.195a 2 .000 
Likelihood Ratio 28.322 2 .000 
Linear-by-Linear Association 4.527 1 .033 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
18.44. 
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Do you own any livestock-Goat? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you own any 
livestock-Goat? 
No 
Count 108 118 104 330 
Expected 
Count 
107.7 115.5 106.8 330.0 
Yes 
Count 3 1 6 10 
Expected 
Count 
3.3 3.5 3.2 10.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 4.296a 2 .117 
Likelihood Ratio 4.525 2 .104 
Linear-by-Linear Association 1.450 1 .228 
N of Valid Cases 340   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
3.24. 
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Appendix II.III: Crosstabs analysis of water and sanitation facilities 
Sources of drinking water used by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Sources of drinking 
water used by the 
household 
Private 
tap 
Count 0 1 5 6 
Expected 
Count 
2.0 2.1 1.9 6.0 
Public tap 
Count 1 0 3 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Private 
hand 
pump 
Count 30 69 58 157 
Expected 
Count 
51.3 55.0 50.8 157.0 
Public 
hand 
pump 
Count 80 44 44 168 
Expected 
Count 
54.8 58.8 54.4 168.0 
Boring 
Count 0 1 0 1 
Expected 
Count 
.3 .4 .3 1.0 
Dug well 
Count 0 4 0 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 51.023a 10 .000 
Likelihood Ratio 53.943 10 .000 
Linear-by-Linear Association 19.335 1 .000 
N of Valid Cases 340   
a. 12 cells (66.7%) have expected count less than 5. The minimum expected count is 
.32. 
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Sources of cooking water used by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Sources of cooking 
water used by the 
household 
Private 
tap 
Count 0 1 3 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Public tap 
Count 1 0 3 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Private 
hand 
pump 
Count 30 69 56 155 
Expected 
Count 
50.6 54.3 50.1 155.0 
Public 
hand 
pump 
Count 80 44 48 172 
Expected 
Count 
56.2 60.2 55.6 172.0 
Boring 
Count 0 1 0 1 
Expected 
Count 
.3 .4 .3 1.0 
Dug well 
Count 0 4 0 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 45.295a 10 .000 
Likelihood Ratio 48.419 10 .000 
Linear-by-Linear Association 14.331 1 .000 
N of Valid Cases 340   
a. 12 cells (66.7%) have expected count less than 5. The minimum expected count is 
.32. 
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Sources of bathing water used by the household * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Sources of bathing 
water used by the 
household 
Private 
tap 
Count 0 1 3 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Public tap 
Count 1 0 3 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Private 
hand 
pump 
Count 29 69 53 151 
Expected 
Count 
49.3 52.9 48.9 151.0 
Public 
hand 
pump 
Count 81 44 51 176 
Expected 
Count 
57.5 61.6 56.9 176.0 
Boring 
Count 0 1 0 1 
Expected 
Count 
.3 .4 .3 1.0 
Dug well 
Count 0 4 0 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 45.612a 10 .000 
Likelihood Ratio 48.820 10 .000 
Linear-by-Linear Association 12.925 1 .000 
N of Valid Cases 340   
a. 12 cells (66.7%) have expected count less than 5. The minimum expected count is 
.32. 
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Sources of irrigation water used by the household * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Sources of irrigation 
water used by the 
household 
No 
Irrigation 
Count 53 46 40 139 
Expected 
Count 
45.4 48.7 45.0 139.0 
Private 
hand pump 
Count 0 1 0 1 
Expected 
Count 
.3 .4 .3 1.0 
Public hand 
pump 
Count 0 0 1 1 
Expected 
Count 
.3 .4 .3 1.0 
Boring 
Count 58 72 69 199 
Expected 
Count 
65.0 69.7 64.4 199.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 7.079a 6 .314 
Likelihood Ratio 7.465 6 .280 
Linear-by-Linear Association 2.876 1 .090 
N of Valid Cases 340   
a. 6 cells (50.0%) have expected count less than 5. The minimum expected count is 
.32. 
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Number of family members involved in water collection * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Number of family 
members involved 
in water collection 
<=5members 
Count 47 72 71 190 
Expected 
Count 
62.0 66.5 61.5 190.0 
5-10 
members 
Count 61 44 37 142 
Expected 
Count 
46.4 49.7 45.9 142.0 
>10members 
Count 3 3 2 8 
Expected 
Count 
2.6 2.8 2.6 8.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 12.797a 4 .012 
Likelihood Ratio 12.789 4 .012 
Linear-by-Linear Association 9.945 1 .002 
N of Valid Cases 340   
a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is 
2.59. 
 
 
 
288 
 
 
 
Time spent for water collection * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Time spent for 
water collection 
<=10 
minutes 
Count 84 109 103 296 
Expected 
Count 
96.9 103.0 96.0 296.0 
>10 
minutes 
Count 27 9 7 43 
Expected 
Count 
14.1 15.0 14.0 43.0 
Total 
Count 111 118 110 339 
Expected 
Count 
111.0 118.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 20.272a 2 .000 
Likelihood Ratio 18.982 2 .000 
Linear-by-Linear Association 16.088 1 .000 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
13.95. 
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Distance from water source (m) * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Distance from 
water source (m) 
<=50 
meters 
Count 85 110 103 298 
Expected 
Count 
97.3 104.3 96.4 298.0 
>50 
meters 
Count 26 9 7 42 
Expected 
Count 
13.7 14.7 13.6 42.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 18.731a 2 .000 
Likelihood Ratio 17.523 2 .000 
Linear-by-Linear Association 14.848 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
13.59. 
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Where do you go for defecation? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Where do you go for 
defecation? 
Open 
field 
Count 111 92 73 276 
Expected 
Count 
90.1 96.6 89.3 276.0 
Toilet 
Count 0 27 37 64 
Expected 
Count 
20.9 22.4 20.7 64.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 42.698a 2 .000 
Likelihood Ratio 60.947 2 .000 
Linear-by-Linear Association 40.833 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
20.71. 
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What do you use to wash your hands after defecation? * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What do you use to 
wash your hands after 
defecation? 
Soil 
Count 108 102 87 297 
Expected 
Count 
97.0 104.0 96.1 297.0 
Soap-
Ash 
Count 3 17 23 43 
Expected 
Count 
14.0 15.1 13.9 43.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 17.022a 2 .000 
Likelihood Ratio 20.147 2 .000 
Linear-by-Linear Association 16.543 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
13.91. 
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Appendix II.IV: Crosstabs analysis of health status of family members of the 
respondents 
Arsenicosis symptoms in your family * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Arsenicosis 
symptom in your 
family 
No 
Count 99 109 107 315 
Expected 
Count 
104.1 107.8 103.1 315.0 
Yes 
Count 12 6 3 21 
Expected 
Count 
6.9 7.2 6.9 21.0 
Total 
Count 111 115 110 336 
Expected 
Count 
111.0 115.0 110.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 6.480a 2 .039 
Likelihood Ratio 6.416 2 .040 
Linear-by-Linear Association 6.150 1 .013 
N of Valid Cases 336   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
6.88. 
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Other diseases symptoms in your family * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Other diseases 
symptoms in your 
family 
No 
Count 33 88 96 217 
Expected 
Count 
71.7 74.3 71.0 217.0 
Yes 
Count 78 27 14 119 
Expected 
Count 
39.3 40.7 39.0 119.0 
Total 
Count 111 115 110 336 
Expected 
Count 
111.0 115.0 110.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 90.874a 2 .000 
Likelihood Ratio 92.487 2 .000 
Linear-by-Linear Association 79.897 1 .000 
N of Valid Cases 336   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
38.96. 
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Monthly expense for Arsenicosis treatment (In Rs.) Grouped * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Monthly expense 
for Arsenicosis 
treatment (In Rs.) 
Grouped 
No expense 
Count 99 111 107 317 
Expected 
Count 
104.7 108.5 103.8 317.0 
Expense 
between 
Rs.1 and 
Rs.1000 
Count 9 4 3 16 
Expected 
Count 
5.3 5.5 5.2 16.0 
Expense 
more than 
Rs.1000 
Count 3 0 0 3 
Expected 
Count 
1.0 1.0 1.0 3.0 
Total 
Count 111 115 110 336 
Expected 
Count 
111.0 115.0 110.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 10.516a 4 .033 
Likelihood Ratio 10.843 4 .028 
Linear-by-Linear Association 8.129 1 .004 
N of Valid Cases 336   
a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is 
.98. 
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Monthly expense for treatment of other diseases (In Rs.) Grouped * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Monthly expense 
for treatment of 
other diseases (In 
Rs.) Grouped 
No Expense 
Count 33 87 96 216 
Expected 
Count 
71.4 73.9 70.7 216.0 
Expense 
between 
Rs.1 and 
Rs. 5000 
Count 60 18 10 88 
Expected 
Count 
29.1 30.1 28.8 88.0 
Expense 
more than 
Rs.5000 
Count 18 10 4 32 
Expected 
Count 
10.6 11.0 10.5 32.0 
Total 
Count 111 115 110 336 
Expected 
Count 
111.0 115.0 110.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 91.339a 4 .000 
Likelihood Ratio 93.019 4 .000 
Linear-by-Linear Association 61.912 1 .000 
N of Valid Cases 336   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
10.48. 
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Appendix II.V: Crosstabs analysis of prioritization of socio-environmental problems 
Please rate Lack of Land between 1 to 8, high priority to low priority * Name of 
the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate Lack 
of Land between 
1 to 8, high 
priority to low 
priority 
Rank 1 
Count 18 3 5 26 
Expected Count 8.4 9.1 8.4 26.0 
Rank 2 
Count 14 19 16 49 
Expected Count 15.9 17.2 15.9 49.0 
Rank 3 
Count 23 31 23 77 
Expected Count 25.0 27.0 25.0 77.0 
Rank 4 
Count 21 19 23 63 
Expected Count 20.4 22.1 20.4 63.0 
Rank 5 
Count 14 11 12 37 
Expected Count 12.0 13.0 12.0 37.0 
Rank 6 
Count 13 16 13 42 
Expected Count 13.6 14.8 13.6 42.0 
Rank 7 
Count 1 17 14 32 
Expected Count 10.4 11.2 10.4 32.0 
Rank 8 
Count 5 2 3 10 
Expected Count 3.2 3.5 3.2 10.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 33.562a 14 .002 
Likelihood Ratio 37.633 14 .001 
Linear-by-Linear Association 5.426 1 .020 
N of Valid Cases 336   
a. 3 cells (12.5%) have expected count less than 5. The minimum expected count is 
3.24. 
 
  
297 
 
 
 
Please rate Lack of School between 1 to 8, high priority to low priority * Name of 
the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate Lack 
of School 
between 1 to 8, 
high priority to 
low priority 
Rank 1 
Count 5 1 1 7 
Expected Count 2.3 2.5 2.3 7.0 
Rank 2 
Count 3 3 4 10 
Expected Count 3.2 3.5 3.2 10.0 
Rank 3 
Count 13 6 6 25 
Expected Count 8.1 8.8 8.1 25.0 
Rank 4 
Count 27 10 10 47 
Expected Count 15.2 16.5 15.2 47.0 
Rank 5 
Count 36 20 18 74 
Expected Count 24.0 26.0 24.0 74.0 
Rank 6 
Count 19 17 14 50 
Expected Count 16.2 17.6 16.2 50.0 
Rank 7 
Count 4 21 23 48 
Expected Count 15.6 16.9 15.6 48.0 
Rank 8 
Count 2 40 33 75 
Expected Count 24.3 26.3 24.3 75.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 76.436a 14 .000 
Likelihood Ratio 90.166 14 .000 
Linear-by-Linear Association 39.401 1 .000 
N of Valid Cases 336   
a. 6 cells (25.0%) have expected count less than 5. The minimum expected count is 
2.27. 
 
  
298 
 
 
 
Please rate Lack of Health Facilities between 1 to 8, high priority to low priority 
* Name of the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate Lack 
of Health 
Facilities 
between 1 to 8, 
high priority to 
low priority 
Rank 1 
Count 9 24 29 62 
Expected Count 20.1 21.8 20.1 62.0 
Rank 2 
Count 13 15 8 36 
Expected Count 11.7 12.6 11.7 36.0 
Rank 3 
Count 20 22 20 62 
Expected Count 20.1 21.8 20.1 62.0 
Rank 4 
Count 21 18 19 58 
Expected Count 18.8 20.4 18.8 58.0 
Rank 5 
Count 9 13 14 36 
Expected Count 11.7 12.6 11.7 36.0 
Rank 6 
Count 7 11 7 25 
Expected Count 8.1 8.8 8.1 25.0 
Rank 7 
Count 20 13 11 44 
Expected Count 14.3 15.5 14.3 44.0 
Rank 8 
Count 10 2 1 13 
Expected Count 4.2 4.6 4.2 13.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 29.791a 14 .008 
Likelihood Ratio 30.126 14 .007 
Linear-by-Linear Association 11.977 1 .001 
N of Valid Cases 336   
a. 3 cells (12.5%) have expected count less than 5. The minimum expected count is 
4.22. 
 
  
299 
 
 
 
Please rate Flood/Drought between 1 to 8, high priority to low priority * Name of 
the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate 
Flood/Drought 
between 1 to 8, 
high priority to 
low priority 
Rank 1 
Count 8 2 0 10 
Expected Count 3.2 3.5 3.2 10.0 
Rank 2 
Count 12 8 8 28 
Expected Count 9.1 9.8 9.1 28.0 
Rank 3 
Count 19 12 8 39 
Expected Count 12.7 13.7 12.7 39.0 
Rank 4 
Count 16 33 18 67 
Expected Count 21.7 23.5 21.7 67.0 
Rank 5 
Count 21 22 23 66 
Expected Count 21.4 23.2 21.4 66.0 
Rank 6 
Count 21 24 26 71 
Expected Count 23.0 24.9 23.0 71.0 
Rank 7 
Count 11 12 19 42 
Expected Count 13.6 14.8 13.6 42.0 
Rank 8 
Count 1 5 7 13 
Expected Count 4.2 4.6 4.2 13.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 31.601a 14 .005 
Likelihood Ratio 33.090 14 .003 
Linear-by-Linear Association 16.734 1 .000 
N of Valid Cases 336   
a. 6 cells (25.0%) have expected count less than 5. The minimum expected count is 
3.24. 
 
  
300 
 
 
 
Please rate Water Accessibility between 1 to 8, high priority to low priority * 
Name of the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate Water 
Accessibility 
between 1 to 8, 
high priority to low 
priority 
Rank 1 
Count 2 0 2 4 
Expected Count 1.3 1.4 1.3 4.0 
Rank 2 
Count 2 2 2 6 
Expected Count 1.9 2.1 1.9 6.0 
Rank 3 
Count 3 18 13 34 
Expected Count 11.0 11.9 11.0 34.0 
Rank 4 
Count 7 3 11 21 
Expected Count 6.8 7.4 6.8 21.0 
Rank 5 
Count 16 23 20 59 
Expected Count 19.1 20.7 19.1 59.0 
Rank 6 
Count 29 28 25 82 
Expected Count 26.6 28.8 26.6 82.0 
Rank 7 
Count 35 28 24 87 
Expected Count 28.2 30.6 28.2 87.0 
Rank 8 
Count 15 16 12 43 
Expected Count 13.9 15.1 13.9 43.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 20.638a 14 .111 
Likelihood Ratio 24.199 14 .043 
Linear-by-Linear Association 6.026 1 .014 
N of Valid Cases 336   
a. 6 cells (25.0%) have expected count less than 5. The minimum expected count is 
1.30. 
 
  
301 
 
 
 
Please rate Water Quality between 1 to 8, high priority to low priority * Name of 
the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate Water 
Quality between 1 
to 8, high priority 
to low priority 
Rank 1 
Count 7 5 4 16 
Expected Count 5.2 5.6 5.2 16.0 
Rank 2 
Count 5 12 12 29 
Expected Count 9.4 10.2 9.4 29.0 
Rank 3 
Count 4 10 10 24 
Expected Count 7.8 8.4 7.8 24.0 
Rank 4 
Count 1 12 19 32 
Expected Count 10.4 11.2 10.4 32.0 
Rank 5 
Count 4 14 8 26 
Expected Count 8.4 9.1 8.4 26.0 
Rank 6 
Count 4 15 10 29 
Expected Count 9.4 10.2 9.4 29.0 
Rank 7 
Count 22 12 4 38 
Expected Count 12.3 13.3 12.3 38.0 
Rank 8 
Count 62 38 42 142 
Expected Count 46.1 49.9 46.1 142.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 54.943a 14 .000 
Likelihood Ratio 60.850 14 .000 
Linear-by-Linear Association 13.927 1 .000 
N of Valid Cases 336   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
5.19. 
 
  
302 
 
 
 
Please rate Lack of Job between 1 to 8, high priority to low priority * Name of 
the surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate Lack 
of Job between 1 
to 8, high priority 
to low priority 
Rank 1 
Count 15 32 29 76 
Expected Count 24.7 26.7 24.7 76.0 
Rank 2 
Count 46 36 37 119 
Expected Count 38.6 41.8 38.6 119.0 
Rank 3 
Count 20 11 16 47 
Expected Count 15.2 16.5 15.2 47.0 
Rank 4 
Count 3 17 6 26 
Expected Count 8.4 9.1 8.4 26.0 
Rank 5 
Count 4 10 9 23 
Expected Count 7.5 8.1 7.5 23.0 
Rank 6 
Count 10 4 5 19 
Expected Count 6.2 6.7 6.2 19.0 
Rank 7 
Count 6 6 5 17 
Expected Count 5.5 6.0 5.5 17.0 
Rank 8 
Count 5 2 2 9 
Expected Count 2.9 3.2 2.9 9.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 30.578a 14 .006 
Likelihood Ratio 30.952 14 .006 
Linear-by-Linear Association 2.038 1 .153 
N of Valid Cases 336   
a. 3 cells (12.5%) have expected count less than 5. The minimum expected count is 
2.92. 
 
  
303 
 
 
 
Please rate Poverty between 1 to 8, high priority to low priority * Name of the 
surveyed villages 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Please rate 
Poverty 
between 1 to 8, 
high priority to 
low priority 
Rank 1 
Count 44 50 39 133 
Expected Count 43.1 46.7 43.1 133.0 
Rank 2 
Count 14 23 23 60 
Expected Count 19.5 21.1 19.5 60.0 
Rank 3 
Count 8 9 13 30 
Expected Count 9.7 10.5 9.7 30.0 
Rank 4 
Count 14 6 4 24 
Expected Count 7.8 8.4 7.8 24.0 
Rank 5 
Count 4 6 5 15 
Expected Count 4.9 5.3 4.9 15.0 
Rank 6 
Count 6 5 8 19 
Expected Count 6.2 6.7 6.2 19.0 
Rank 7 
Count 11 8 8 27 
Expected Count 8.8 9.5 8.8 27.0 
Rank 8 
Count 8 11 9 28 
Expected Count 9.1 9.8 9.1 28.0 
Total 
Count 109 118 109 336 
Expected Count 109.0 118.0 109.0 336.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 14.500a 14 .413 
Likelihood Ratio 14.054 14 .446 
Linear-by-Linear Association .050 1 .823 
N of Valid Cases 336   
a. 2 cells (8.3%) have expected count less than 5. The minimum expected count is 
4.87. 
  
304 
 
 
 
Appendix II.VI: Crosstabs analysis of knowledge of and attitude toward arsenic 
Do you know what Arsenic is? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you know 
what Arsenic is? 
No 
Count 102 96 97 295 
Expected Count 96.3 103.3 95.4 295.0 
Yes 
Count 9 23 13 45 
Expected Count 14.7 15.8 14.6 45.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 6.580a 2 .037 
Likelihood Ratio 6.530 2 .038 
Linear-by-Linear Association .671 1 .413 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
14.56. 
 
 
 
305 
 
 
 
Do you know the source/s of Arsenic * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you know the 
source/s of 
Arsenic 
No 
Count 108 108 100 316 
Expected Count 103.2 110.6 102.2 316.0 
Yes 
Count 3 11 10 24 
Expected Count 7.8 8.4 7.8 24.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 4.769a 2 .092 
Likelihood Ratio 5.566 2 .062 
Linear-by-Linear Association 3.438 1 .064 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
7.76. 
 
 
 
306 
 
 
 
Have you heard about Arsenic and Arsenic related health problems? * Name of 
the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Have you heard 
about Arsenic and 
Arsenic related 
health problems? 
No 
Count 90 91 88 269 
Expected Count 87.8 94.2 87.0 269.0 
Yes 
Count 21 28 22 71 
Expected Count 23.2 24.9 23.0 71.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square .816a 2 .665 
Likelihood Ratio .808 2 .668 
Linear-by-Linear Association .040 1 .842 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
22.97. 
 
 
 
307 
 
 
 
Do you know the health impact due to drinking Arsenic contaminated water? * 
Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you know the 
health impact due to 
drinking Arsenic 
contaminated 
water? 
No 
Count 99 90 95 284 
Expected Count 92.7 99.4 91.9 284.0 
Yes 
Count 12 29 15 56 
Expected Count 18.3 19.6 18.1 56.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 8.624a 2 .013 
Likelihood Ratio 8.392 2 .015 
Linear-by-Linear Association .328 1 .567 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
18.12. 
 
 
 
308 
 
 
 
Do you know that Arsenicosis patients can be cured through medicine/herbs? * 
Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you know that 
Arsenicosis patients 
can be cured 
through 
medicine/herbs? 
No 
Count 101 110 108 319 
Expected Count 104.1 111.7 103.2 319.0 
Yes 
Count 10 9 2 21 
Expected Count 6.9 7.4 6.8 21.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 5.537a 2 .063 
Likelihood Ratio 6.643 2 .036 
Linear-by-Linear Association 4.906 1 .027 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
6.79. 
 
 
 
309 
 
 
 
Do you know where to go for voluntary testing for Arsenicosis? * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you know 
where to go for 
voluntary testing 
for Arsenicosis? 
No 
Count 67 60 45 172 
Expected Count 56.2 60.2 55.6 172.0 
Yes 
Count 44 59 65 168 
Expected Count 54.8 58.8 54.4 168.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 8.365a 2 .015 
Likelihood Ratio 8.418 2 .015 
Linear-by-Linear Association 8.339 1 .004 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
54.35. 
 
 
 
310 
 
 
 
Do you know anyone suffering/died from Arsenicosis in your community? * 
Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you know 
anyone 
suffering/died from 
Arsenicosis in your 
community? 
No 
Count 110 115 110 335 
Expected Count 109.4 117.3 108.4 335.0 
Yes 
Count 1 4 0 5 
Expected Count 1.6 1.8 1.6 5.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 4.826a 2 .090 
Likelihood Ratio 5.705 2 .058 
Linear-by-Linear Association .302 1 .582 
N of Valid Cases 340   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
1.62. 
 
 
 
311 
 
 
 
Is your drinking water source contaminated with Arsenic? * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Is your drinking 
water source 
contaminated with 
Arsenic? 
No 
Count 104 91 77 272 
Expected Count 88.8 95.2 88.0 272.0 
Yes 
Count 7 28 33 68 
Expected Count 22.2 23.8 22.0 68.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 20.810a 2 .000 
Likelihood Ratio 23.792 2 .000 
Linear-by-Linear Association 19.356 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
22.00. 
 
 
 
312 
 
 
 
Is there any Arsenic Mitigation Program operating in your area? * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Is there any 
Arsenic 
Mitigation 
Program operating 
in your area? 
No 
Count 110 116 109 335 
Expected Count 109.4 117.3 108.4 335.0 
Yes 
Count 1 3 1 5 
Expected Count 1.6 1.8 1.6 5.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 1.394a 2 .498 
Likelihood Ratio 1.313 2 .519 
Linear-by-Linear Association .000 1 .993 
N of Valid Cases 340   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
1.62. 
 
 
 
313 
 
 
 
Is the Arsenic Mitigation program/technique effective? * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Is the Arsenic 
Mitigation 
program/technique 
effective? 
No 
Count 107 117 109 333 
Expected Count 108.7 116.6 107.7 333.0 
Yes 
Count 4 2 1 7 
Expected Count 2.3 2.5 2.3 7.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 2.119a 2 .347 
Likelihood Ratio 2.075 2 .354 
Linear-by-Linear Association 1.986 1 .159 
N of Valid Cases 340   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
2.26. 
 
 
 
314 
 
 
 
Total knowledge and awareness about arsenic * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Total 
knowledge and 
awareness 
about arsenic 
No 
awareness 
Count 54 35 34 123 
Expected Count 40.2 43.1 39.8 123.0 
Low 
awareness 
Count 53 76 73 202 
Expected Count 65.9 70.7 65.4 202.0 
High 
awareness 
Count 4 8 3 15 
Expected Count 4.9 5.3 4.9 15.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 13.268a 4 .010 
Likelihood Ratio 13.011 4 .011 
Linear-by-Linear Association 5.163 1 .023 
N of Valid Cases 340   
a. 2 cells (22.2%) have expected count less than 5. The minimum expected count is 
4.85. 
 
 
 
315 
 
 
 
Do you think that your community will allow Arsenicosis patients to stay in the 
locality/village?  * Name of the surveyed villages 
 
 
Crosstab 
 
Name of the surveyed villages 
Total 
Suarmarwa 
Rampur 
Diara 
Bhawani 
Tola 
Do you think that 
your community will 
allow Arsenicosis 
patients to stay in the 
locality/village? 
No 
Count 65 44 35 144 
Expected Count 47.2 50.5 46.3 144.0 
Yes 
Count 46 75 74 195 
Expected Count 63.8 68.5 62.7 195.0 
Total 
Count 111 119 109 339 
Expected Count 111.0 119.0 109.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 18.017a 2 .000 
Likelihood Ratio 18.004 2 .000 
Linear-by-Linear Association 15.762 1 .000 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
46.30. 
 
 
 
316 
 
 
 
Would you interact with a family having an Arsenicosis patient?  * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you interact 
with a family having 
an Arsenicosis 
patient? 
No 
Count 71 47 34 152 
Expected Count 49.6 53.2 49.2 152.0 
Yes 
Count 40 72 76 188 
Expected Count 61.4 65.8 60.8 188.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 26.431a 2 .000 
Likelihood Ratio 26.697 2 .000 
Linear-by-Linear Association 24.386 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
49.18. 
 
 
 
317 
 
 
 
Would you invite a family having an Arsenicosis patient during social function? 
* Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you invite 
a family having an 
Arsenicosis 
patient during 
social function? 
No 
Count 71 35 31 137 
Expected Count 44.7 48.0 44.3 137.0 
Yes 
Count 40 84 79 203 
Expected Count 66.3 71.1 65.7 203.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 38.415a 2 .000 
Likelihood Ratio 38.336 2 .000 
Linear-by-Linear Association 29.404 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
44.32. 
 
 
 
318 
 
 
 
Would you allow your child to play with a child from a family having an 
Arsenicosis patient?  * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you allow 
your child to play 
with a child from a 
family having an 
Arsenicosis patient? 
No 
Count 85 55 43 183 
Expected Count 59.7 64.1 59.2 183.0 
Yes 
Count 26 64 67 157 
Expected Count 51.3 55.0 50.8 157.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 35.497a 2 .000 
Likelihood Ratio 37.005 2 .000 
Linear-by-Linear Association 31.206 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
50.79. 
 
 
 
319 
 
 
 
Would you like to take an Arsenicosis patient to a health center?  * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you like to 
take an Arsenicosis 
patient to a health 
center? 
No 
Count 16 16 14 46 
Expected Count 15.0 16.1 14.9 46.0 
Yes 
Count 95 103 96 294 
Expected Count 96.0 102.9 95.1 294.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square .136a 2 .934 
Likelihood Ratio .135 2 .935 
Linear-by-Linear Association .134 1 .714 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
14.88. 
 
 
 
320 
 
 
 
Arsenic Social Behavior Index * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Arsenic Social 
Behavior 
Index 
No 
resilience 
Count 8 10 6 24 
Expected Count 7.8 8.4 7.8 24.0 
Low 
resilience 
Count 82 45 35 162 
Expected Count 52.9 56.7 52.4 162.0 
High 
resilience 
Count 21 64 69 154 
Expected Count 50.3 53.9 49.8 154.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 51.254a 4 .000 
Likelihood Ratio 53.835 4 .000 
Linear-by-Linear Association 30.350 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
7.76. 
 
321 
 
 
 
How much you are willing to pay for Arsenic free drinking water? * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
How much you 
are willing to pay 
for Arsenic free 
drinking water? 
<Rs.25 
Count 33 73 84 190 
Expected Count 62.0 66.5 61.5 190.0 
>Rs.25 
Count 77 36 23 136 
Expected Count 44.4 47.6 44.0 136.0 
None 
Count 1 10 3 14 
Expected Count 4.6 4.9 4.5 14.0 
Total 
Count 111 119 110 340 
Expected Count 111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 67.878a 4 .000 
Likelihood Ratio 68.015 4 .000 
Linear-by-Linear Association 33.317 1 .000 
N of Valid Cases 340   
a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is 
4.53. 
 
 
 
322 
 
 
 
What option will be convenient and feasible for your village as a source of 
Arsenic free water? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What option 
will be 
convenient 
and feasible 
for your 
village as a 
source of 
Arsenic free 
water? 
Arsenic 
Treatment 
Unit 
Count 73 49 48 170 
Expected Count 
53.2 59.9 56.8 170.0 
Deep Tube 
Well 
Count 19 9 7 35 
Expected Count 11.0 12.3 11.7 35.0 
Pipe Water 
Supply 
Count 11 56 54 121 
Expected Count 37.9 42.7 40.5 121.0 
Rainwater 
Harvesting 
Count 0 2 1 3 
Expected Count .9 1.1 1.0 3.0 
Total 
Count 103 116 110 329 
Expected Count 103.0 116.0 110.0 329.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 48.976a 6 .000 
Likelihood Ratio 55.193 6 .000 
Linear-by-Linear Association 29.386 1 .000 
N of Valid Cases 329   
a. 3 cells (25.0%) have expected count less than 5. The minimum expected count is 
.94. 
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What do you think about Arsenic Treatment Unit as a convenient and feasible 
source of Arsenic free water? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What do you think 
about Arsenic 
Treatment Unit as a 
convenient and 
feasible source of 
Arsenic free water? 
No 
Count 59 79 69 207 
Expected Count 67.8 72.1 67.2 207.0 
Yes 
Count 52 39 41 132 
Expected Count 
43.2 45.9 42.8 132.0 
Total 
Count 111 118 110 339 
Expected Count 111.0 118.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 4.769a 2 .092 
Likelihood Ratio 4.749 2 .093 
Linear-by-Linear Association 2.136 1 .144 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
42.83. 
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What do you think about Deep Tube Well as a convenient and feasible source of 
Arsenic free water? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What do you think 
about Deep Tube 
Well as a 
convenient and 
feasible source of 
Arsenic free water? 
No 
Count 90 107 104 301 
Expected Count 98.6 104.8 97.7 301.0 
Yes 
Count 21 11 6 38 
Expected Count 
12.4 13.2 12.3 38.0 
Total 
Count 111 118 110 339 
Expected Count 111.0 118.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 10.711a 2 .005 
Likelihood Ratio 10.497 2 .005 
Linear-by-Linear Association 10.047 1 .002 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
12.33. 
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What do you think about Open Well/Dug Well as a convenient and feasible 
source of Arsenic free water? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What do you think 
about Open 
Well/Dug Well as a 
convenient and 
feasible source of 
Arsenic free water? 
No 
Count 92 109 103 304 
Expected Count 99.5 105.8 98.6 304.0 
Yes 
Count 19 9 7 35 
Expected Count 
11.5 12.2 11.4 35.0 
Total 
Count 111 118 110 339 
Expected Count 111.0 118.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 8.323a 2 .016 
Likelihood Ratio 7.856 2 .020 
Linear-by-Linear Association 6.897 1 .009 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
11.36. 
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What do you think about Piped Water Supply Systems as a convenient and 
feasible source of Arsenic free water? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What do you think 
about Piped Water 
Supply Systems as a 
convenient and 
feasible source of 
Arsenic free water? 
No 
Count 100 62 55 217 
Expected Count 71.1 75.5 70.4 217.0 
Yes 
Count 11 56 55 122 
Expected Count 
39.9 42.5 39.6 122.0 
Total 
Count 111 118 110 339 
Expected Count 111.0 118.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 48.882a 2 .000 
Likelihood Ratio 55.474 2 .000 
Linear-by-Linear Association 38.538 1 .000 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
39.59. 
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What do you think about Rainwater Harvesting System as a convenient and 
feasible source of Arsenic free water? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What do you think 
about Rainwater 
Harvesting System 
as a convenient and 
feasible source of 
Arsenic free water? 
No 
Count 110 115 109 334 
Expected Count 108.7 116.6 108.7 334.0 
Yes 
Count 0 3 1 4 
Expected Count 
1.3 1.4 1.3 4.0 
Total 
Count 110 118 110 338 
Expected Count 110.0 118.0 110.0 338.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 3.252a 2 .197 
Likelihood Ratio 4.099 2 .129 
Linear-by-Linear Association .388 1 .534 
N of Valid Cases 338   
a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
1.30. 
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Appendix II.VII: Crosstabs analysis of likelihood of adoption of arsenic-mitigation 
technologies under perceived risks 
Would you adopt arsenic-mitigation technology, if you perceive Risk to Health? 
(@5-point Likert scale) * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you adopt 
arsenic-mitigation 
technology, if you 
perceive Risk to 
Health? (@5-point 
Likert scale) 
Disagree 
Count 10 1 4 15 
Expected 
Count 
4.9 5.3 4.9 15.0 
Neutral 
Count 1 7 8 16 
Expected 
Count 
5.2 5.6 5.2 16.0 
Agree 
Count 17 47 61 125 
Expected 
Count 
40.8 43.8 40.4 125.0 
Strongly 
Agree 
Count 83 64 37 184 
Expected 
Count 
60.1 64.4 59.5 184.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 56.078a 6 .000 
Likelihood Ratio 60.989 6 .000 
Linear-by-Linear Association 12.392 1 .000 
N of Valid Cases 340   
a. 2 cells (16.7%) have expected count less than 5. The minimum expected count is 
4.85. 
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Would you adopt arsenic-mitigation technology, if you perceive Economic Risk? 
(@ 5-point Likert scale) * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you adopt 
arsenic-mitigation 
technology, if you 
perceive Economic 
Risk? (@ 5-point 
Likert scale) 
Strongly 
Disagree 
Count 0 2 2 4 
Expected 
Count 
1.3 1.4 1.3 4.0 
Disagree 
Count 29 18 9 56 
Expected 
Count 
18.3 19.6 18.1 56.0 
Neutral 
Count 7 13 34 54 
Expected 
Count 
17.6 18.9 17.5 54.0 
Agree 
Count 38 54 47 139 
Expected 
Count 
45.4 48.7 45.0 139.0 
Strongly 
Agree 
Count 37 32 18 87 
Expected 
Count 
28.4 30.5 28.1 87.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 45.059a 8 .000 
Likelihood Ratio 45.463 8 .000 
Linear-by-Linear Association .613 1 .434 
N of Valid Cases 340   
a. 3 cells (20.0%) have expected count less than 5. The minimum expected count is 
1.29. 
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Would you adopt arsenic-mitigation technology, if you perceive Risk of Social 
exclusion or discrimination? (@ 5-point Likert scale) * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you adopt 
arsenic-mitigation 
technology, if you 
perceive Risk of 
Social exclusion or 
discrimination? (@ 5-
point Likert scale) 
Strongly 
Disagree 
Count 0 10 6 16 
Expected 
Count 
5.2 5.6 5.2 16.0 
Disagree 
Count 38 27 16 81 
Expected 
Count 
26.4 28.4 26.2 81.0 
Neutral 
Count 14 24 47 85 
Expected 
Count 
27.8 29.8 27.5 85.0 
Agree 
Count 35 41 28 104 
Expected 
Count 
34.0 36.4 33.6 104.0 
Strongly 
Agree 
Count 24 17 13 54 
Expected 
Count 
17.6 18.9 17.5 54.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 44.851a 8 .000 
Likelihood Ratio 48.529 8 .000 
Linear-by-Linear Association 1.231 1 .267 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
5.18. 
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Would you adopt arsenic-mitigation technology, if you perceive Risk to Health? 
(after merging @3 levels) * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you adopt 
arsenic-mitigation 
technology, if you 
perceive Risk to 
Health? (after 
merging @3 levels) 
Disagree 
Count 10 1 4 15 
Expected 
Count 
4.9 5.3 4.9 15.0 
Neutral 
Count 1 7 8 16 
Expected 
Count 
5.2 5.6 5.2 16.0 
Agree 
Count 100 111 98 309 
Expected 
Count 
100.9 108.2 100.0 309.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 14.335a 4 .006 
Likelihood Ratio 16.320 4 .003 
Linear-by-Linear Association .520 1 .471 
N of Valid Cases 340   
a. 2 cells (22.2%) have expected count less than 5. The minimum expected count is 
4.85. 
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Would you adopt arsenic-mitigation technology, if you perceive Economic Risk? 
(after merging @ 3 levels) * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you adopt 
arsenic-mitigation 
technology, if you 
perceive Economic 
Risk? (after merging 
@ 3 levels) 
Disagree 
Count 29 20 11 60 
Expected 
Count 
19.6 21.0 19.4 60.0 
Neutral 
Count 7 13 34 54 
Expected 
Count 
17.6 18.9 17.5 54.0 
Agree 
Count 75 86 65 226 
Expected 
Count 
73.8 79.1 73.1 226.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 33.628a 4 .000 
Likelihood Ratio 32.468 4 .000 
Linear-by-Linear Association .539 1 .463 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
17.47. 
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Would you adopt arsenic-mitigation technology, if you perceive Risk of Social 
exclusion or discrimination? (after merging @ 3 levels) * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Would you adopt 
arsenic-mitigation 
technology, if you 
perceive Risk of 
Social exclusion or 
discrimination? (after 
merging @ 3 levels) 
Disagree 
Count 38 37 22 97 
Expected 
Count 
31.7 34.0 31.4 97.0 
Neutral 
Count 14 24 47 85 
Expected 
Count 
27.8 29.8 27.5 85.0 
Agree 
Count 59 58 41 158 
Expected 
Count 
51.6 55.3 51.1 158.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 29.298a 4 .000 
Likelihood Ratio 28.804 4 .000 
Linear-by-Linear Association .021 1 .885 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
27.50. 
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Appendix II.VIII: Crosstabs analysis of social capital 
What is your opinion about the presence and functionality of Anganwadi? * 
Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What is your opinion 
about the presence and 
functionality of 
Anganwadi? 
Not 
available 
Count 1 1 0 2 
Expected 
Count 
.7 .7 .6 2.0 
Disagree 
Count 37 36 32 105 
Expected 
Count 
34.3 36.8 34.0 105.0 
Neutral 
Count 5 13 5 23 
Expected 
Count 
7.5 8.1 7.4 23.0 
Agree 
Count 68 69 73 210 
Expected 
Count 
68.6 73.5 67.9 210.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 6.645a 6 .355 
Likelihood Ratio 6.981 6 .323 
Linear-by-Linear Association .792 1 .374 
N of Valid Cases 340   
a. 3 cells (25.0%) have expected count less than 5. The minimum expected count is 
.65. 
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What is your opinion about the presence and functionality of Mahila Samakhya? 
* Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What is your opinion 
about the  presence and 
functionality of Mahila 
Samakhya? 
Not 
available 
Count 23 57 65 145 
Expected 
Count 
47.3 50.8 46.9 145.0 
Disagree 
Count 49 29 20 98 
Expected 
Count 
32.0 34.3 31.7 98.0 
Neutral 
Count 0 20 22 42 
Expected 
Count 
13.7 14.7 13.6 42.0 
Agree 
Count 39 13 3 55 
Expected 
Count 
18.0 19.3 17.8 55.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 94.260a 6 .000 
Likelihood Ratio 109.168 6 .000 
Linear-by-Linear Association 31.897 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
13.59. 
 
 
 
336 
 
 
 
What is your opinion about the presence and functionality of Self Help Group? * 
Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
What is your opinion 
about the presence and 
functionality of Self 
Help Group? 
Not 
available 
Count 26 58 75 159 
Expected 
Count 
51.9 55.7 51.4 159.0 
Disagree 
Count 48 31 17 96 
Expected 
Count 
31.3 33.6 31.1 96.0 
Neutral 
Count 3 12 9 24 
Expected 
Count 
7.8 8.4 7.8 24.0 
Agree 
Count 34 18 9 61 
Expected 
Count 
19.9 21.4 19.7 61.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 60.291a 6 .000 
Likelihood Ratio 62.393 6 .000 
Linear-by-Linear Association 31.133 1 .000 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
7.76. 
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How many people do you trust outside your family? * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
How many people do 
you trust outside your 
family? 
None 
Count 1 5 9 15 
Expected 
Count 
4.9 5.3 4.9 15.0 
1 to 
5 
Count 86 82 62 230 
Expected 
Count 
75.1 80.5 74.4 230.0 
>5 
Count 24 32 39 95 
Expected 
Count 
31.0 33.3 30.7 95.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 14.197a 4 .007 
Likelihood Ratio 15.006 4 .005 
Linear-by-Linear Association .881 1 .348 
N of Valid Cases 340   
a. 2 cells (22.2%) have expected count less than 5. The minimum expected count is 
4.85. 
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Rate your trust in Government agencies * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Rate your trust in 
Government agencies 
Disagree 
Count 11 14 5 30 
Expected 
Count 
9.8 10.5 9.7 30.0 
Neutral 
Count 2 5 0 7 
Expected 
Count 
2.3 2.5 2.3 7.0 
Agree 
Count 98 100 105 303 
Expected 
Count 
98.9 106.1 98.0 303.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 9.401a 4 .052 
Likelihood Ratio 11.422 4 .022 
Linear-by-Linear Association 2.568 1 .109 
N of Valid Cases 340   
a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is 
2.26. 
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Rate your trust in Non-Governmental Organizations (NGOs) * Name of the 
surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Rate your trust in Non-
Governmental 
Organizations (NGOs) 
Disagree 
Count 78 44 48 170 
Expected 
Count 
53.8 60.4 55.8 170.0 
Neutral 
Count 16 27 18 61 
Expected 
Count 
19.3 21.7 20.0 61.0 
Agree 
Count 12 48 44 104 
Expected 
Count 
32.9 36.9 34.1 104.0 
Total 
Count 106 119 110 335 
Expected 
Count 
106.0 119.0 110.0 335.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 37.955a 4 .000 
Likelihood Ratio 40.874 4 .000 
Linear-by-Linear Association 23.362 1 .000 
N of Valid Cases 335   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
19.30. 
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Rate your trust in Panchayat Raj Institutions (PRIs) * Name of the surveyed 
villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Rate your trust in 
Panchayat Raj 
Institutions (PRIs) 
Disagree 
Count 11 24 15 50 
Expected 
Count 
16.3 17.5 16.2 50.0 
Neutral 
Count 2 9 7 18 
Expected 
Count 
5.9 6.3 5.8 18.0 
Agree 
Count 98 86 88 272 
Expected 
Count 
88.8 95.2 88.0 272.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 10.030a 4 .040 
Likelihood Ratio 10.738 4 .030 
Linear-by-Linear Association 1.543 1 .214 
N of Valid Cases 340   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
5.82. 
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Rate your trust in Private agencies * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Rate your trust in 
Private agencies 
Disagree 
Count 80 68 76 224 
Expected 
Count 
69.0 80.5 74.4 224.0 
Neutral 
Count 9 24 17 50 
Expected 
Count 
15.4 18.0 16.6 50.0 
Agree 
Count 13 27 17 57 
Expected 
Count 
17.6 20.5 18.9 57.0 
Total 
Count 102 119 110 331 
Expected 
Count 
102.0 119.0 110.0 331.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 11.872a 4 .018 
Likelihood Ratio 12.111 4 .017 
Linear-by-Linear Association 1.147 1 .284 
N of Valid Cases 331   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
15.41. 
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Rate your trust in Academicians/scientists * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Rate your trust in 
Academicians/scientists 
Disagree 
Count 19 7 3 29 
Expected 
Count 
9.4 10.2 9.4 29.0 
Neutral 
Count 0 4 1 5 
Expected 
Count 
1.6 1.8 1.6 5.0 
Agree 
Count 91 108 106 305 
Expected 
Count 
99.0 107.1 99.0 305.0 
Total 
Count 110 119 110 339 
Expected 
Count 
110.0 119.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 21.015a 4 .000 
Likelihood Ratio 21.377 4 .000 
Linear-by-Linear Association 13.509 1 .000 
N of Valid Cases 339   
a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is 
1.62. 
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Do you participate in panchayat activities? * Name of the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do you participate in 
panchayat activities? 
Disagree 
Count 12 11 2 25 
Expected 
Count 
8.2 8.8 8.1 25.0 
Neutral 
Count 3 4 2 9 
Expected 
Count 
2.9 3.2 2.9 9.0 
Agree 
Count 96 104 106 306 
Expected 
Count 
99.9 107.1 99.0 306.0 
Total 
Count 111 119 110 340 
Expected 
Count 
111.0 119.0 110.0 340.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 8.219a 4 .084 
Likelihood Ratio 9.958 4 .041 
Linear-by-Linear Association 6.737 1 .009 
N of Valid Cases 340   
a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is 
2.91. 
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Do your neighbors and others seek your advice and value your views? * Name of 
the surveyed villages 
 
 
Crosstab 
 Name of the surveyed villages Total 
Suarmarwa Rampur 
Diara 
Bhawani 
Tola 
Do your neighbors and 
others seek your advice 
and value your views? 
Disagree 
Count 32 23 29 84 
Expected 
Count 
27.3 29.5 27.3 84.0 
Neutral 
Count 5 16 12 33 
Expected 
Count 
10.7 11.6 10.7 33.0 
Agree 
Count 73 80 69 222 
Expected 
Count 
72.0 77.9 72.0 222.0 
Total 
Count 110 119 110 339 
Expected 
Count 
110.0 119.0 110.0 339.0 
 
 
Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 7.442a 4 .114 
Likelihood Ratio 8.086 4 .088 
Linear-by-Linear Association .006 1 .937 
N of Valid Cases 339   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
10.71. 
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Appendix IV.I: Classification accuracy test 
 
From step 0 No Yes 
Proport
ion 
Proportion 
by  
chance 
criteria  
Final 
Proportion  
by chance 
Classifica
tion  
Accuracy 
from Step 
0 
Classifica
tion  
accuracy  
from Step 
1 
Arsenic 
treatment units 
0.6
25 
0.3
75 
0.5312
5 1.25 66.41% 62.50% 80.20% 
Deep tube wells 
0.8
84 
0.1
16 
0.7949
12 1.25 99.36% 88.40% 91.20% 
Dug wells/open 
wells 
0.8
94 
0.1
06 
0.8104
72 1.25 101.31% 89.40% 92.10% 
Piped water 
supply 
0.6
29 
0.3
71 
0.5332
82 1.25 66.66% 62.90% 82.60% 
 
The classification accuracy test examines the predictive accuracy of the binary logistic model. 
A minimum increase in prediction accuracy of 25% is desired. In the case of arsenic 
treatment units and piped water supply systems binary logistic models, the models satisfied 
the classification accuracy criterion.  
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Appendix VI.III: Correlation matrix 
 
 
RP: Rural Population; BPL: Below the Poverty Line; SCP: Scheduled Caste Population; 
STP: Scheduled Tribe Population; PG: Population Growth; PD: Population Density; TL: 
Total Literacy; FL: Female Literacy; IMR: Infant Mortality Rate; KZP: Kala-azra Prevalence; 
TBI: Tuberculosis Incidences; HIVP: Human Immunodeficiency Virus Prevalence; As: 
Arsenic; F: Fluoride; N: Nitrate; Fe: Iron; GF: Geological Formation 
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A correlation matrix is presented in this table, which explains association between the 
variables (0.1 is weak; 0.5 is moderate; and >0.5 and closed to 1.0 is strongest association), 
and significance at 95% confidence interval (α=0.05) and 99% confidence interval (α=0.01). 
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Appendix VI.IV: Communalities table 
 
Communalities 
 Initial Extraction 
Rural population 1.000 .902 
Below the poverty line population 1.000 .923 
Scheduled caste population 1.000 .894 
Scheduled tribe population 1.000 .829 
Population growth 1.000 .699 
Population density 1.000 .870 
Total literacy 1.000 .928 
Female literacy 1.000 .908 
Infant mortality rate 1.000 .670 
Kala-azar prevalence 1.000 .743 
Tuberculosis incidence 1.000 .933 
HIV prevalence 1.000 .894 
Flood incidence 1.000 .678 
Drought incidence 1.000 .566 
Arsenic affected districts 1.000 .681 
Fluoride affected districts 1.000 .713 
Nitrate affected districts 1.000 .664 
Iron affected districts 1.000 .949 
Geological formation 1.000 .830 
Lithology 1.000 .870 
Physiography 1.000 .993 
Extraction Method: Principal Component Analysis 
 
Communalities test explains how much of the variance in each of the original 
variables is explained by the extracted components. Communalities for the variables 
used to derive composite vulnerability greater than 50% were desired. The 
communalities table clearly states that all the variables used to derive a composite 
vulnerability meet the criteria of 50% and were closed to 1.  
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Appendix VI.V: Scree plot  
 
This scree plot is a graphical presentation of the eigenvalues across the number of 
components. This clearly indicates that five principal components (red circled), with 
eigenvalues greater than 1, essentially explain the variance in composite vulnerability. 
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